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PREFATORY NOTE 


The original authors of this text-book as it appeared in 1894 
were Professors Eduard Strasburger, Fritz Noll, Heinrich Schenck, 
and A. F. W. Schimper. The death of I*rofessor Strasburger 
renders it inaccurate to give his name as an author of the work. 
His position as the original founder of the text-book requires to 
be recorded, and is therefore indicated by the name StrasburgeFs 
Text-Book, which has been in current use in this country. In 
the present edition the division on Morphology is by Professor 
Fitting, that on Physiology by Professor Sierp, that on Thallo- 
phyta, Bryophyta, and Pteridophyta l>y Professor Harder, and 
that on Spermatopliyta by Professor Karsten. Their names are 
therefore given as the authors on the title-page. 

The first edition of the English translation was the work of 
Dr. H. C. Porter, Assistant Instructor of Botany, University of 
Pennsylvania. I'he proofs of this edition were revised by Pro- 
fessor Seward, M.A., F.K.S. The second English edition was 
based upon Dr. Porter’s translation, which was revised with the 
fifth German edition. The third English edition was revised 
with the eighth German edition, the fourth English edition with 
the tenth German edition, and the nfth English edition with 
the fourteenth German edition. The present edition has been 
similarly revised throughout with the seventeenth German edition. 
Such extensive changes, involving the rewriting of all four 
sections, have, however, been made in the work since it was first 
translated that it seems advisable to give in outline the history 
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of the English translation instead of retaining Dr. Porter’s name 
on the title-page. 

The official plants mentioned under the Natural Orders are 
those of the British Pliarmacopoeia instead of those official in 
Germany, Switzerland, and Austria, which are given in the 
original. I am indebted to my colleague Mr. W. 0. Ilowarth 
for assistance in making this alteration. 

My colleague Mr. L. J. F. Brinible has kindly read the 
proofs of the section on Physiology, and I liave to thank him for 
a number of helpful suggestions. 

WILLIAM H. LANG. 
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INTIIODUOTIOJ^ 


Okganisms are distinguished as animals and plants, and a corre- 
sponding division of Biology is made into the sciences of Zoology and 
Botany. 

The green, attached, flowering, and fruiting organisms are dis- 
tinguished as plants in contrast to animals, which arc usually capable 
of free movements and seek and devour their ff)od. Easy as it appears 
on a superficial acquaintance to draw the boundary between plants and 
animals, it is really very difficult. In the case of those very simply 
constructed organisms with little external or internal differentiation, 
which are usually regarded as lowest in the scale, it is often impossible 
to decide in which kingdom they should be classed. The following 
important properties are in fact common to both animals and plants : 

1. They are both composed of muTvOSCojuc’ALLY small chambers 
or CELLS. 

2. They AiiREE IN their most important vitai^ proi’ksses, in 
nutrition and growth, development and reproduction. A plant also 
respires with the production of heat, and exhibits powers of movement 
and irritability of various kinds. 

3. This profound agreement in the manifestations of life in plants 
and animals becomes less surprising when it is realised that THE 
LIFE OF BOTH IS ASSOCIATED WITH A VERY SIMILAR UNDERLYING 
SUBSTANCE, THE PROTOPIASM OF THE CELLS. 

These and many other facts indicate that plants and animals are 
really related. This assumption of a genetic relationship finds its 
expression in the theory of descent, which is a fundamental bio- 
logical theory. The idea of a gradual evolu^^ion of more complicated 
living beings from those of simpler construction was familiar to the 
Greek philosophers, and was advocated in the beginning of the nine- 
teenth century by the French zoologist, Lamarck. It was especially 
through the work of Charles Darwin (^), who accumulated evidence 
for a reconsideration of the whole problem of organic evolution, that 
the belief in the immutability of species was finally destroyed. From 

^ The small iigarea in bracketa refer to the Index of Literature at the end of tlm volume, 
which will be of value to those wiebing to pursue the subject tother. 

1 
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the study of the fossil remains of animals and plants it has been 
established that in earlier geological periods forms of life diflfering from 
those of the present age existed on the earth. This leads to the 
conclusion that all living animals and plants have been derived by 
modification from previously existing forms. This leads to the further 
conclusion that organisms are more or less closely rkIjATED to on(‘. 
another, and that the union of species in a genus, of genera into 
families, and of families into higher groups in a “ natural ” system, 
serves to give expression to the degrees of relationship existing between 
them. The evolutionary developments, ^>. the transformations which 
an organism has undergone in its past generations, are termed its 
PHYLOGENY. The development passed through by the individual in 
attaining the adult condition is distinguished as its ontogeny. It 
is assumed on the theory of descent that the more highly orgaiiis(‘d 
plants and animals had their ultimate, common, phylogenetic origin in 
forms which perhaps resembled the simplest still existing. The phylo- 
genetic development proceeded from these, on the one hand in the 
direction of the higher animals, and on the other in the direction of 
welhdefined plants. On this assumption, which is supported by the 
properties which animals and plants have in common and by the 
impossibility of drawing a sharp line between animal and plant in the 
lowest groups, all living beings form one NATURAL KINGDOM. 

As distinctly marked characteristics of plants which have arisen in 
the course of their phylogeny, the external development of the surface 
of the body, which serves to absorb the food in plants (as contrasted 
with the internal body surface to which the mouth gives entrance in 
animals), the cellulose walls of vegetable cells and the green chromato- 
phores of plant-cells may bo mentioned. By means of the green 
colouring matter, plants have the power of producing the organic 
materials of their bodies from inorganic compounds, and are thus able 
to ^xist independently; while animals are dependent, directly or 
indirectly, for their nourishment, and so for their very existence, on 
plants. Another characteristic of plants is the unlimited duration of 
their ontogenetic development, which is continuous at the growing 
points during their whole life. That none of these criteria are alone 
sufficient for distinguishing plants from animals is evident from the 
fact that all the Fungi are devoid of green pigment, and, like animals, 
are dependent on organic food-material. They are, however, placed 
in the vegetable kingdom, since they can be phylogenetically derived 
from green plants. 

It is, however, impossible to give any definition of “ plant ” and 
‘‘animal” that shall hold strictly in all cases. In this connection it is 
necessary to be satisfied with the knowledge that among the more 
familiar living beings the Bacteria, Algae, Fungi, Lichens, Mosses, 
Ferns and Se^-plants are placed in the vegetable kingdom, and are 
thus the subject matter of Botany. 
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A distinction between organisms and non-living bodies is much 
more easy. We know no living being in which protoplasm is wanting, 
while active protoplasm is not to be demonstrated in any lifeless body. 
Since in the sphere of organic chemistry sugars have been synthesised 
and the way towards the synthesis of proteids opened up, there is 
increased justification for the assumption that protoplasm also had an 
inorganic origin, for the elements it contains all occur in inorganic 
nature. In ancient times such a “spontaneous generation” was 
regarded as a possibility even for highly organised animals and plants. 
It was a widely-spread opinion, shared in by Aristotle himself, that 
such living beings could originate from mud and sand. It is now 
known from repeated experiments that even the most minute and 
simplest organisms with which we are acquainted do not arise in this 
way but only proceed from their like. Living substance may, however, 
have arisen from non-living at some stage in the development of the 
earth, or of another planet, when the special conditions required for 
its formation occurred. The difficulties associated with this idea of 
a spontaneous generation remain. In order that the organic world 
should have proceeded from this first living substance, the latter 
must from the beginning have been able to nourish itself and to grow. 
It must also have been capable of reproduction, i.e. of multiplying by 
separation into a number of parts, and further of acquiring new and 
inlieritable properties. In short, this original living substance must 
have already possessed all the characteristics of life. 


Botany may be divided into a number of parts. Morphology is 
concerned with the recognition and understanding of the external 
form and internal structure of plants. Physiology investigates the 
vital phenomena of plants. Both morphology and physiology take 
into consideration the relation of plants to the environment and the 
external conditions, and endeavour to ascertain whether and how far 
the structure and the special physiology of each plant can be regarded 
as adaptations to the peculiarities of its environment. These parts of 
morphology and physiology are often separated from the rest under 
the name ecology. Systematic botany deals with the description 
of the kinds of plants and with the classification of the vegetable 
kingdom. The geography of plants has as its objects to determine 
the distribution of plants on the surface of the earth and to elucidate 
the causes of this. Extinct plants form the subject matter of palaeo- 
phytology. All these are subdivisions of pure or theoretical 
botany. 

Botany is also concerned with rendering the knowledge so obtained 
useful to mankind. There have thus to be added to the divisions of 
pure botany the numerous branches of applied botany, e.g. the study 
of medicinal plants and drugs, of vegetable food-substances, of techni- 
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cally valuable plants and their products, agn'cultural botany, and that 
part of plant-pathology which is concerned with the prevention and 
treatment of diseases of plants. 

In this work, which is primarily concerned with pure botany, a 
division is made into a general and a special part The object of 
GENERAL BOTANY is to ascertain the most distinctive properties of 
plants in general or of the main groups. General botany is further 
divided into the two sections treating of morphology and physiology. 

The object of special botany is to describe the structural 
features, the methods of reproduction, and the modes of life of the 
various groups of plants. It attempts also to express the more or less 
close relationships which exist between plants both living and extinct 
by an*anging them in as “natural” a system as possible. In this 
special part a few main facts as to some branches of applied botany, 
especially regarding pharmaceutical plants, are inserted. Lastly, facts 
regarding the geography of plants are included, though no connected 
account of it is given. 
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DIVISION I 

MOliPHOLOGY 

Morphology is the study of the external form and the internal 
structure of plants and the ontogenetic development of the plant body 
as a whole and of its members. In seeking to establish the signifi- 
cance and the phylogenetic origin of the parts of plants and the causes 
of the formative processes, it aims at a scientific understanding of the 
forms of plants. 

1. The outer and inner construction of a living being can only be 
understood when it is clearly realised that the animal or plant is a 
living ORGANISM, ie. a structure the main parts of which are not 
meaningless appendages or members, but necessary organs by the 
harmonious co-operation of which the life of the whole is carried on (^). 
Almost all the external parts of plants, and of animals also, are such 
organs performing definite functions. They can, however, only play 
their parts in the service of the whole organism when they are 
appropriately constructed, or, in other words, when their structure 
corresponds with, or is adapted to, their functions. Since the 
various parts of the higher plants have diverse functions, it is easy to 
see why the plant is composed of members very unlike in form and 
structure. 

In order to fully understand the construction of an organism it is 
further necessary to know the conditions under which it lives and to 
be acquainted with its environment. Every plant, or animal, has 
structural peculiarities which enable it to live only under certain 
conditions of life which are not provided everywhere on the earth^s 
surface. The conditions of life, for example, are very different in 
water from those in a desert, and water-plants and desert-plants are 
very differently constructed. They can only succeed under their 
usual conditions'* or such as are similar, and the desert-plants would 

r 
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not grow in water or the water-plants under desert conditions. The 
life of an organism is thus only possible when its construction is in 
agreement with its environment, and it is adapted to the conditions 

OF LIFE. 

More penetrating morphological investigation soon shows that, 
while almost every member of the plant body has its functions, 
every peculiarity in construction cannot be regarded as adapted 
to these functions or to the environment. This can only be said 
of some of the characters of any part of the plant ; for example, the 
abundance of the green pigment and the expanded form of foliage 
leaves stand in relation to the main functions of the leaf. Such 
characters are spoken of as useful to the organism or as adaptive. 
Many other characters arc indifferent, such as, for example, the nature 
of the margin of leaves, described as entire, serrate, creiiate, etc. Others 
may even be unfavourable so long iis they are compatible with life, 
e.g, the absence of the green pigment from large portions of the leaf 
in many cultivated forms of Sycamore. A character may be us(‘ful in 
one species while it is indifferent or even harmful in another. These facts 
show clearly what care is requisite in judging of the significance of 
organic forms and structures ; it is no easy nmtter to prove such 
assumptions by investigation 

2. There is a second direction in which morphology endeavours 
to attain a scientific understanding of the forms of plants. All 
existing plants are regarded as genetically related, the most highly 
organised with their diverse organs having gradually arisen phylo- 
genetically from simple, unsegraented forms. The organism and 
its parts have thus undergone manifold transformations in which, for 
example, particular organs by change of their structure took over new 
functions or became adapted to new conditions of life. It is thus 
a very important object of morphology to derive phylogenetic- 
ally one form from another. Since the genetic development cannot 
be directly traced but has to be inferred, morphology is dependent on 
indirect methods in this problem. The most important indications 
are obtained by the study of the ontogeny of organisms and by the 
comparison of existing plants with one another and with those that 
lived in preceding ages. Within certain limits the ontogeny often 
repeats the phylogeny and thus contributes to the discovery of the 
latter. Comparative study connects divergent forms by means of 
intermediates. Since, however, the ontogeny never repeats the 
idiylogeny completely or without alterations, and the connecting forms 
are often wanting, the results of morphology in this direction are 
correspondingly imperfect. 

When the conviction has been reached after full investigation 
that diversely formed members of the plant-body had a common 
phylogenetic origin, the hypothetical form from which we derive 
them is termed ^ PEiKmvi: fobm, and the changes undergone by it 
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in the course of descent its metamorphoses. One of the most 
important results of morphology is the demonstration that the 
VARIOUSLY FORMED PARTS OF EVEN THE MOST HIGHLY DIFFERENTIATED 
PLANTS. ARE TO BE TRACED BACK TO A FEW PRIMITIVE FORMS, for 
example, the exter nal parts of the more highly organised plants to root, 
stem, and foliage leaf, and the internal parts of all plants to cells. Those 
organs which have developed phylogenetically from a common primitive 
form are spoken of as homologous, however different they may appear. 
The same morphological value is ascribed to them. For example, 
foliage leaves and the leaves of the flower (sepals, petals, stamens, and 
carpels) are homologous, and this extends to the leaf-tendrils (Fig. 202) 
and the leaf-thorns (Fig. 190). Organs of completely different 
structure and functions can thus be homologous. On the other hand, 
organs with similar construction and functions {e,g, tubers (Figs. 19G, 
198, 199), thorns (Figs. 190, 192, 193), tendrils (Figs, 201-203)) have 
often been genetically derived from different primitive forms. Such 
organs are spoken of as analogous (for examples cf. p. 55 ff.). 
Little differentiated structures with ill-defined functions, which have 
retrograded from more perfect ones, are termed reduced organs. 

3. Lastly, it is an aim of morphology to ascertain the causes or 
conditions which underlie the ontogeny and phylogeny of plants. In 
this way it may be possible to ascertain clearly how in the course 
of descent adaptive characters have arisen. The study which concerns 
itself with such questions is experimental morphology. Most of 
the problems of this are more conveniently dealt with as a section 
of physiology in relation to the other vital processes of the plant 
(developmental physiology). 

Morphology may be divided into external morphology and internal 
morphology or anatomy. Since it is desirable to regard the ])arts 
of the plant as organs with definite functions, it is necessary to show 
the intimate connection that frequently exists between the function 
of an organ and both its form and internal structure. From the 
outset we must be concerned with the plant as a living organism and 
not as a dead structure. The protoplasm as the substance manifesting 
the phenomena of life is, as a rule, enclosed in the cells which can be 
regarded as the elementary parts of the organism. The part of 
morphology which is concerned with the structure of cells is termed 
CYTOLOGY and will be dealt with first. The tissues formed by associ- 
ated cells will then form the subject of a second part of morphology 
to which the name histology is given. Lastly, organography deals 
with the external members of the plant regarded as its organs, taking 
into consideration both their external form and internal structure. 
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CYTOLOGY 

I. FORM AND SIZE OF CELLS 


The cells of plants are usually microscopically small chambers, of 
spherical, cubical, polyhedral, or prismatic shape ; elongated fibres and 
tubes are also of frequent occurrence. Their mean diameter is between 
the hundredth and the tenth of a millimetre. Owing to their small size it 
was long before the existence of cells was recognised. Occasionally 
cells attain a much greater size. Thus some spindle-shaped cells 
(sclerenchyma fibres), adapted to special functions, are 20 cm. long, 
while laticiferous tubes may be some metres in length. In contrast 
to the cells of the animal body those of the 
plant have usually a cell-wall or cell-membrane 
enclosing the cell-cavity or lumen. The most 
important part of the cell is the protoplast or 
cell-body, since this is the living portion of the 
cell. On this account it is now natural to 
think rather of the living protoplast than of 
its enclosing chamber as the cell ; a cell-wall 
is completely wanting in the case of many 
“naked cells.’’ In dead cells, the protoplasts 
niuHtratir of completely disappeared, and 

iK)ttU)-cork, which he lie- such cclls Contain oiily water or air. These 
scribed as “ Schoinatiani dead Cells Urc bowever essential in the Con- 
Pig, 55 struction of the more higlily organised plants, 

in which they form the water-conducting tracts 
and contribute to mechanical rigidity. 



It was due to the investigation of the cell-walls that cells were recognised first 
in plants. An English micrographer, Robekt Hooke, was the first to notice 
vegetable cells. He gave them this name in his Micrographia in the year 1667, 
because of their resemblance to the cells of a honeycomb, and published an illus- 
tration of a piece of bottle-cork having the appearance shown in the adjoining 
figure (Fig. 1). The Italian, Maucello Malpighi, and the Englishman, Nkhe- 
MIAH Oeew, whose works appeared almost simultaneously a few years after 
Hooke's Mierographia, were the true founders of vegetable histology. The 
living contents of the cell, the protoplast, was not recognised in its full significance 
until the middle of last century. Only then was attention turned more earnestly 
to the study of cytology, which was especially advanced by Sohleiden, Hugo 
V. Mohl, Nageli, Ferdinand Cohn, Max Schultze, and Stkasburoeb. 


II. THE LIVING CELL-CONTENTS, THE PROTOPLAST (4) 

A. The Constituent Parts of the Protoplast 

If a thin longitudinal section of the growing point of the stem of 
one of the higher plants is examined under the high power of the 
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microscope it is seen to consist of nearly rectangular cells (Fig. 2), 
which are full of protoplasm and separated from one another by 
delicate walls. These cells have the shape of small cubes or prisms. 

In each of the cells a spherical or oval 
part of the cell-cavity, is distinguishable. 

This body (k) is the nucleus of the cell. 

The finely granular substance (pi) filling 
in the space between the nucleus (k) and 
the cell-wall (m) is the cell-plasm, or cyto- 
plasm. In the cytoplasm there are to be 
found around the nucleus a number of 
colourless and highly refractive bodies: these 
are the plastids or chromatophores ( ch ). 

The nucleus, cytoplasm, and curomato- 

PHORES ARE THE LIVING CONSTITUENTS OF 
THE CELL. They form together the proto- 
plasm of the living cell-body or protoplast. 

The nucleus and the chromatophores, which 
are always embedded in the cytoplasm, may 
be regarded as organs of the protoplast, since they perform special 
functions. In the lowest plants (Cyanophyceae and Bacteria) a true 
nucleus is not present (^). Chromatophores are wanting in the 
Bacteria and Fungi as in all animal cells. 

In many animal cells an additional constituent of the protoplast has been 
demonstrated as a small body, which is calle<l a ckn'j iuolk, in the immediate 
neighbourhood of the nucleus. Similar bovlies are found in the vegetable 
kingdom in the cells o(’ some Cryptogams, but are not of general occurrence even 
in them. 

It is only the embryonic cells of the plant, as they are met with in 
the apices of stem and root, which are thus completely filled with 
protoplasm. This does not hold for the fully developed colls of the 
plant which arise from these by growth in . size and alterations of 
shape. During this transformation to cells of the permanent tissues 
the embryonic cells of plants, unlike those of animals, become poorer 
in protoplasm, since this does not increase in proportion to the growth 
of the cell. In every longitudinal section of the growing point of the 
stem it can be seen that at some distance from the tip the enlarged 
cells have already begun to show cavitf'^s or vacuoles (v in Ay Fig. 
3) in their cytoplasm. These are filled with a watery fluid, the cell- 
sap. The cells continue to increase in size, and usually soon attain a 
condition in which the whole central portion is filled by a single large 
sap-cavity (v in By Fig. 3). The cytoplasm then forms only a thin layer 
lining the cell-wall, while the nucleus occupies a parietal position in the 
peripheral cytoplasmic layer (Fig. 3 B, k). At other times, however, 
the sap-cavity of a fully -developed cell may be traversed by bands and 
threads of cytoplasm ; and in that case the nucleus is suspended in the 


body, which fills a large 



Fio. 2. — Embryonic cell from the 
roofc-tip of the Oat. A*, Nucleus ; 
lew, nuclear meinl)ran«> ; n, nucle- 
olus ; pi, cytoi>lasm ; ch, cliroma- 
tophores ; m, cell-wall. (Some- 
what diagrammatic, x about 
1500. After Lewitzkv.) 
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centre of the cell (Figs. 5, 10). But whatever position the nucleus 
may occupy, it is always embedded in cytoplasm ; and there is always 



Fio. 3,— 'Two cells taken at 
difTWent distances from the 


a continuous peripheral layer of cytoplasm lining 
the cell-wall. This cytoplasmic peripheral layer 
is in contact with the cell-wall at all points, 
and, so long as the cell remains living, it 
continues in that condition. In old cells, 
however, it frequently })ecomes so thin as to 
escape direct observation (Fig. 10), and is 
not perceptible until some reagent, such as 
concentrated solutions of salt or sugar, which 
attracts water and causes it to recede from 
the Wtall, has been employed (plasmolysis, 
cf. p. 219). 

B. Physical Properties of the Protoplast 

In order to facilibite an insight into the 
physical properties and especially the conditions 
of aggregation of protoplasm, attention will 
first be directed to the Slime Fungi (Myxo- 
mycetes), a group of organisms which stand on 
the border between the animal and vegetable 
kingdoms. The Myxomycetes are character- 
ised at one stage of their development by the 
formation of a PI.ASMODIUM, a large, naked 
mass of protoplasm (Fig. 4). This consists of 
reticulately connected strands composed of 
a clear ground-substance, within which are 
numerous granules ; it has the consistence 
of a tenacious fluid. The protoplasm within 
the firmer and denser boundary layer of the 
strands exhibits an active streaming movement. 
The plasmodium can protrude and withdraw 
processes of its margin and thus creep about. 
When it encounters a foreign body it can 
include and when possible digest it, expelling 
the indigestible remains. All these phenomena 


^owiug.poiiit of a lOianew- of movement are elementary vital processes 
gtjitic shoot, fc, Nuflieus ; j jg known ill what way they 

eytOi^tasm; v, vacuoles, re- x •/ j 

pr^ented In B by the sap COme about. 

cavity. (Somewhat diagram- Similar Streaming movements of the proto- 
plasm can often be recognised in the living 
cells of the higher plants (^). In these also 


the protoplasm is a more or less tenacious fluid and if freed from the 
oell-#all takes the form of a spherical dro|h A distinction is made 
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between circulation and rotation of the protoplasm in such cells. 
In those in which rotation occurs, e,g. the cells of many water-plants, 
the protoplasm forms a layer lining the cell-wall, and the single 
continuous current moves in a constant direction within the wall. 
Circulation on the other hand is found in the cells of land-plants the 
vacuole of which is traversed by lamellae or strands of protoplasm. 
The streaming movement, which may be in various directions that 
can bo reversed, occurs in the strands 
and also in the layer lining the 
wall. 

When the protoplasm is in rotation, the 
cell-nucleus and chromatopliores are usually 
carried along by the current, but the chrom- 
atophores may remain in the boundary layer, 
which does not undergo movement. Tliis is 
the case with the Stoneworts (Characoao), 


Fio. 5. — Cell from a 
Ktainiiial hair of 7Va- 
(ie.scnntia virgimea, 
showing the nucleus 
suspended by proto- 

Fig. 4. —Portion of a full-grown plasmodium of plasruic strniidH. (x 

Chondriodpvma difforme. (x 90. After Strah- 240. After Stras- 

BURGER.) BURGER.) 

the long internodal cells of which, especially in the genus Nitellu, afford good 
examples of well-marked rotation. A particularly favourable object for the 
study of protoplasm in circulation is afforded by the starniiial hairs of 
TradescanUia mrginiea (Fig. 5). The cytoplasndc threads which traverse the sap- 
cavity gradually change their form and structure, and may thus alter the position 
of the cell-nucleus. 

The movements often commence or become i.iore active when the protoplasm 
is stimulated, by illumination, by the presence of chemical, substances, or by the 
wounding involved in the preparation of sections. 

Movements in limited regions of protoplasts are seen in many of the lower 
Algae, especially in their swarm-spores. Near the anterior end of the swarm-spore 
the protoplasm may contain one or several minute pulsating vacuoles which appear 
and disappear rhythmically at short intervals. They empty suddenly, then re- 
appear and slowly increase to their full sise (Fig* 330, 1 v). The protoplast of 
the swarm-spore also possesses one or a number of threadlike contractile processes 
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(cilia, flagella) which vibrate rapidly and serve as the motile organs of the cell 
(c/. Figs. 808, 310-312, 380). 

Only within a narrow range of temperature is the protoplast 
actively alive, and thus capable of movement, though life is preserved 
through a slightly more extended range. It dies and coagulates, as a 
rule, at temperatures slightly above 50° C. Alcohol, acids of suitable 
concentration, solutions of mercuric chloride and of salts of other 
heavy metals rapidly coagulate the protoplasm, and such substances 
are largely employed as fixing reagents in microscopical technique 


C. Chemical Properties of the Protoplast (®) 

Active protoplasm generally gives an alkaline, under certain con- 
ditions a neutral reaction, but never an acid one. It is not a simple 
substance chemically, but consists of a mixture of a large number of 
chemical compounds some of which are solid and others dissolved in 
water. Some of these undergo continual changes, upon which un- 
doubtedly many important manifestations of the life of the protoplast 
depend. The most important components of the mixture are the 
albuminous substances (proteins, proteids). The protoplasm thus shows 
the reactions of albumen, and when incinerated gives off fumes of 
ammonia. In the nuclei, proteids containing phosphorus (nucleo- 
proteids), which are not dissolved by pepsin, predominate. They are 
also met with in the cytoplasm. The ash left after incineration shows 
tliat mineral substances are present in protoplasm. 

Products of the dissociation of proteids are always contained in the protoplasm. 
Other components are enzymes, carbohydrates and lipoids such as fats and lecithin 
(cf. p. 249), physosterin (aromatic alchohols with the formula C.J 7 H 45 OH) and some- 
times alkaloids (nitrogenous bases) or gluoosides (ester-like compounds of sugar, 
usually with aromatic compounds). 

By the action of a dilute solution of potash, of chloral hydrate, or of eau de 
javelle, all parts of the protoplast are dissolved. Iodine stains it a brownish-yellow 
colour ; acid nitrate of mercury (Millon’s reagent), rose-red. Such reagents kill 
the protoplasm, after which their characteristic reactions are manifested. These 
reactions are given by proteid substances, but are not altogether confined to them. 


D. Structure of the Parts of the Protoplast 

Great assistance in the investigation of the structure of the proto- 
fdast is afforded by the processes of fixing and staining. Certain 
fixing agents harden and fix the protoplasm almost unaltered, but 
it is necessary to be on guard against the appearance of a structure 
in the process of coagulation (®). 

The importanoe of staining depends upon the fact that the various constituents 
of the protoplast absorb dyes with diflferent intensity and hold them more or less 
fimly when the preparation is washed. As a general rule only dead protoplasm 
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is readily stained. For staining fixed vegetable protojdasts, solutions of carmine, 
haematoxylin, safraniu, acid fuchsin, gentian violet, orange, methylene blue, etc., 
are employed. 

1. The Cytoplasm. — This when highly magnified is seen to con- 
sist of a clear, hyaline, more or less tenacious fluid (hyaloplasm) in 
which more or less numerous minute drops or granules (microsomks) 
are embedded. The latter are evidently various products of the 
metabolism. The hyaloplasm, which when studied, by means of the 
ultramicroscope appears almost empty optically, is a watery colloidal 
solution or sol from the point of view of physical chemistry ; sometimes 
it has the properties of a gel. The insight thus obtained into the 
nature of protoplasm is of fundamental importance. By means of it 
many of the properties of protoplasm obtain a physico-chemical 
explanation 

An extremely thin boundary layer of hyaloplasm free from granules 
is found at the periphery of the protoplast, and a similar layer bounds 
every vacuole present in the cytoplasm. The peripheral boundary 
layer and the vacuole walls can be formed anew, but are nevertheless 
very important parts of the protoplast, since they determine the taking 
up of substances. They are semi permeable membranes, i,e, they allow 
water to pass, but are impermeable or only slightly permeable to 
many other substances. 

It is uncertain whether living protoplasm has a still finer structure 
that cannot be detected with the microscope or ultramicroscope. In 
dividing protoplasts fine filaments may ap{)ear which cease to be 
evident in the resting condition of the cell. When fixed and stained 
the cytoplasm appears homogeneous or, if imperfectly fixed, a reticulate 
or honeycomb-like structure with embedded granules is formed as in 
other coagulated colloidal solutions. 

In addition to the structures alluded to above, there have recently been 
demonstrated in the cytoplasm of both embryonic and ])ermanent cells certain 
filamentous, spindle-shaped or dumb-bell-shaped structures. These are best seen 
after S2)ecial fixation and staining, and agree so closely with the chondiuosomes 
(mitochondria) of embryonic animal cells that they have been given the same 
name (^'). Probably they include bodies of various nature such as minute vacuoles 
filled with albuminous substances containing nucleic acid, young chromatophores, 
etc. They have been observed in some Mosses in the embryonic cells beside the 
chromatophores, and also in the Fungi. 

2. The Nucleus has as a rule a spherical, oval, or lenticular 
form, but in long cells may be correspondingly elongated ; it is some- 
times lobed. In embryonic cells its diameter may amount to two- 
thirds of the total diameter of the protoplast. In full-grown cells of 
the permanent tissue, on the other hand, the nucleus is much less 
conspicuous, since it has not increased in size. Large nuclei are 
found in most Conifers, in some Monocotyledons, and in the 
Rauunculaceae and Loranthaceae among the Dicotyledons. Secretory 
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cells are as a rule provided with especially large nuclei. On the other 
hand, the nuclei of the majority of Fungi (Fig. 6) and of many 
Siphoneae are very small. 

While the colls of the higher plants are almost always uninucleate, 
in the Thallophytes, on the contrary, multinucleate cells are by no 
means infrequent. • In many Fungi (Fig. 6), and in the Siphoneae 
among the Algae, they are the rule. The whole plant is then 
composed either of but one single multinucleate cell, which may be 
extensively branched and exhibit a complicated 
external form as in Caulerpa (Fig. 343), or it may 
consist of a Largo number of multi-nucleate cells, 
forming together one organism, as is the case for 
many Fungi and for the fresh water Alga Cladqihara 
(Fifr 7). _ 

The living nucleus lias a finely dotted appear- 
ance. It usually contains one or several larger, 
round, highly refractive granules or droplets, the 
use of which is unknown but which are called 
NUCLEOLI (Fig. 2 n). The nucleus, the consistence 
of which appears to be that of a tenacious fluid, is 
surrounded by a nuclear membrane (Fig. 2 kw) by 
which the surrounding cytoplasm is separated from 
the nuclear cavity. 

Some insight into the finer structure of the 
nucleus is obtained from properly fixed and stained 
preparations. In these a deeply staining reticulum 
of CHROMATIN (Fig. 13, 1 w), which appears to 
consist mainly of nucleo-proteids, is evident. In 

riu. o, — ucii i/nu luii- i • , i i i « 

gas, Hvphoi^yma fasci- Riany nuclei the reticulum appears to be formed of 
cutore.containing five a substauce Called LININ that stains feebly, and the 
Knikp ^ chromatin to be embedded in this as minute granules. 

The nucleoli are situated in the meshes of the 
network within the nuclear cavity which is filled with the nuclear 
SAP. The nucleoli stain deeply, but differently from the chromatin. 

In Spirogyra and some other Algae, certain Flagellata and Fungi the nucleoli 
contain a proportion of the chromatin. They are thus not strictly equivalent 
to the nucleoli of the higher plants, as is further shown by their behaviour in 
the process of nuclear division ('*). 

It is still unknown what part the nucleus takes in the vital 
phenomena of the protoplast. It is, however, clear that it is neces- 
sary for the maintenance of life in the cell. It also appears to be of 
great importance as the bearer of the hereditary characters. 

S* The Chpomatophopea (^*). — In the embryonic cells of the 
embryo and of growing points, where the chromatophores (Mg. 2 eh) 
are pimcipally located around the nucleus, they first appear as small, 
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colourless, highly refractive bodies of circular, spindle-shaped, or fila- 
mentous form. In older cells they attain a further development, as 
CHLOiiOPLASTS, LKUCOPLASTS, or OHROMOPLASTS. Since these bodies 
have the same origin they are all termed CHROMATOPIIORES. 

(a) Ghloroplasts. — In parts of plants whicli are exposed to the light 
the chromatophores usually develop into 
chlorophyll - bodies or chloroplasts. The 
colour of green plants and their power of 
assimilating carbon dioxide arc due to the 
chloroplasts. These are generally green 
granules of a somewhat flattened ellipsoidal 
shape (Fig. 8 c/),and are scattered, in numbers, 
in the parietal cytoplasm of the cells. All 
the chloroplasts in the more highly organised 
plants have this form (chlorophyll grains). 

In the lower Algae, however, the chlorophyll- 
bodies may assume a hand-like (Fig. 329 (7), stellate, 
or tabular shape ; they are often rcticulately 
perforated, e,g. Cladophora (Fig. 9). In these cases 
the chloroplast often includes one or more I’ruKNoros 
(Fig. 9 py) ; the.se are spherical protoplasmic, bodies, 
sometimes containing an albuminous crystalloid, 
and are surrounded by small grains of starch. 

After a green plant has been exj)osed to 
sunlight for some time its chloroplasts are 
usually found to contain small starch-grains 
(assimilation starch, Fig. 15) and frequently 
oily drops that possibly consist of aldehydes. 

No structure can be distinguished in the living 
chlorophyll grains themselves, which have a 
uniformly green colour. 

The green pigment, chlorophyll, is 
essential for the decomposition [ of carbon 
dioxide in the chloroplasts. aad»pi,mu 

Two groups of pigments are always present m the Nuclei, (x 040. Alter 

chloroplasts There are two closely related green stbasbubger.) 

pigments (chlorophyll a and h) in the proportions of 3 

to 1, and a group of yellow pigments. The chlorophylls are esters of.phytol, an alcohol 
of the formula C^toMssOH, and a tri-carbon acid. They are thus compounds with 
large molecules containing carbon, o.\ygen, and hydrogen into the construction of 
which nitrogen and magnesium enter, but not, as was previously assumed, either 
phosphorus or iron. The blue-green ohlohophvll a has the formula Cj55H^50flFr4Mg, 

H^O, while that of the yellow -green chlorophyll h is C55H70O,5N4Mg. The 
yellow pigmen^ are the orange-red, crystalline oaeotihs, hydrocai'bons of the 
coi^position O40H^) one of which also occurs in the root of the carrot and the yellow 
oiystalliiie XAtrrHOjpHYLL (oxide of carotin, 04oHBoOa). 
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All these pigments can be extracted from the fresh or dried chloroplasts by 
various solvents, e.g, by acetone or 80-90 % alcohol. A deep-coloured solution 
containing all the pigments can be most readily obtained by pouring boiling alcohol 
on fresh leaves. Owing to the contained chlorophyll such a solution is deep green 
by transmitted light, but blood-red, owing to fluoiiksoence, by reflected light. 
Its spectrum (Fig. 242) is characterised by four absorption bands in the less refractive 
(red) portion and three in the more refractive (blue) half. The individual pigments 
can be separated by shaking the solution with various solvents. Thus benzol e.xtracts 
the chlorophyll and accumulates as a green solution above the alcoholic solution 


which is now yellow. The amount of 
chlorophyll present in green parts of 
])lants is relatively small, amounting, 
according to Willstatter, to 0’5-l*0 % 
of the dry substance. 



Fig. 8. —Two cells from a 
leaf of the Moss, FunarUi 
hygrometfica. oi, Chloro- 
plasts ; n, nucleus. 
( X 800. After Sohenck.) 



Fra. 9.— Reticulate chloroplast of \Clad(tpkrmi 
arckt, py, Pyrenoidg ; k, nuclei. (After 

ClfMITZ.) 


Many Algae {e.g. the Blue Green Algae, the Red Algae, and the Brown Algae), 
are not pure green but have other colours. This is due to various additional pigments 
in the chloroplasts that more or less obscure the chlorophyll which is however 
always present. 

The variegated forms of some cultivated plants have larger or smaller areas of 
the leaf of a white or golden colour. The cells here contain colourless or yellow 
ehromatophores instead of the green chloroplasts. 

The colourings which the leaves of trees assume in autumn before they fall 
are connected with a breaking down of the chloroplasts and their pigments. The case 
is diflferent in those Coniferae the leaves of .which turn brown in winter and again be- 
come green in the spring ; the changes undergone by the pigments in the chloroplasts 
are h^re reversible. The assumption of a brown colour by dying foliage-leaves is a 
p 0 Bt mortm> phenomenon in which brown pigments soluble in water are produced. 

In phanerogamic parasites the chloroplasts are replaced by colourless^ brownish, 
or reddish ehromatophores, which may, however, in some of these plants still 
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contain a trace of chlorophyll. In the Fungi chroniatophores are completely 
wanting. 


(b) Leueoplasts.— In many parts of plants, especially those to 
which light cannot penetrate, leueoplasts are developed from the 
rudiments of the chromatophores instead of chloroplasts. They 
are usually of minute size (Figs. 5, 10 /), mostly spherical in shape, 
hut often somewhat elongated in consequence of enclosed albuminous 
crystals (Fig. 27 B kr\ If the leueoplasts become exposed to 
the light, they may change into chloroplasts. Tliis frequently 
occurs, for example, in the superficial 
portions of potato tubers. The leueoplasts 
have the special function of transforming 
sugar into grains of starch, which appear 
within them. 

(c) Chromoplasts. - These give the 
yellow and red colour to many j)arts of 
plants, especially to flowers and fruits. 

They arise from the colourless chromato- 
phores of embryonic cells or from previously 
formed chloroplasts. 




Their colour is yellow or orange-red, dejjending 
either on xanthophyll or carotin. The pigments 
are not uniformly dissolved in the cliromojdast hut 
form minute droplets (grana) in the colourless 
plasmatic substance (the stroma). The pigments 
readily crystallise out and the chromoplasts then 
become needle-shaped, triangular or rhombic in 
form (Figs. 11, 12). 



Fi»i. 10.- Cell fmii the epidermis of 
Hhoeu (lisaolor, n. Nucleus with 
its nucleolus (k), and siurounded 
by the leueoplasts (q. I'roto- 
plasmic strands stretch from the 
nucleus to the layerof protoplasm, 
which is not represented, lining 
the wall. (X 240.) 


E. Origin of the Elements of the Protoplast (^) 

All the living elements of the protoplast, the cytoplasm, the 
nucleus, and the chromatophores, are never newly formed but 
always arise from the corresponding elements. They increase 
in mass by a process of growth, but they increase in number, like 
THE PROTOPLAST AS A WHOLE, ONIY BY DIVISION OF THEIR KIND. In this 
way the properties of the living constituents of a germ-cell are trans- 
mitted to all the cells of an organism and ulti mately to its reproductive 
cells, the uninterrupted continuity of the life being maintained. The 
division of the protoplast is usually initiated by the division of the 
nucleus. In the case of uninucleate cells this intimate association of 
nuclear- and cell-division is necessary in order to ensure that each 
daughter cell has a nucleus. In the multinucleate cells {e.g. of Algae 
and Fungi) this is not essential, since each daughter-protoplast 
would obtain the requisite nuclei, and as a matter of fact cell-division 
in such cases is often independent of nuclear division# 
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It sometimes happens that the protoplast of a cell, without 
dividing, abandons its old cell wall. This process, which is called 
REJUVENATION of the cell, has nothing to do with cell-division. 

The rounding off of the protojJast in a cell of the green alga OedogoriiuiUi and 
its emergence from an opening in the old cell-wall as a naked swarni-epcre, is an 
example of rejuvenation. Another is afforded by the protoplasts of the spores of 
mosses or ferns and of the pollen-grains of seed-plants surrounding themselves with 
a new cell-wall within the old membrane, which then perishes. 

1. Typical Division of the Protoplast, (a) Nuclear Division. — 

Except in a few cases, nuclei reproduce themselves by mitotic or 



Fjo. 11. — evil from the upper surface of tln! 
yellow calyx of TrojKieolum majus, 
showing chrornoplftflts. (x 540. After 
Strasburgek.) 



Fu 4. 1:!. — ClhromoplastH of the (-arrot, Konie 
with incliideil starch grains. (X 540. 
Aftt»r Strasburoer.) 


INDIRECT DIVISION. This process, often referred to as karyokinesis, 
is somewhat complicated and has been chiefly studied in properly fixed 
and stained sections. 

Indirect Nuclear Division (^•). — In its principal features the pro- 
cess is similar in the more highly organised plants and in animals. 
Its stages are represented in a somewhat diagrammatic manner in the 
following figure (Fig. 13) as they occur in a vegetative cell such as 
those which compose the growing point. 

The fine network of the resting nucleus (Fig. 13, In) becomes 
drawn together at definite points (spireme stage) and separated 
into a number of bodies (Fig. 13, 2 cA), the outline of which 
is at first irregular. Their form soon becomes filamentous, and 
the filaments become denser and stain more deeply (3, 4). The 
filaments are called chromosomes.' Each chrpmosome undergoes a 
longitudinal split which continues to become more marked (5). 
The chromosomes, which become shorter, thicker, and smooth 
(6), are moved into the plane of division where they constitute 
the nuclear or equatorial plate (7 kp), a stellate figure (aster) which 
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usually lies in the future plane of division of the cell. It is seen in 
surface view in Fig. 14. 

While the nuclear network is separating into the individual 
chromosomes, cytoplasmic filaments become applied to the nuclear 
membrane, surrounding it with a fibrous layer. This layer becomes 
raised up from the nuclear membrane at two opposite points 



Flo. l.S.—Snccossivo .staf5«‘s of nuclear and cell division in a mei istematic cell of a higher plant. 
Somewhat diagninimatic. H(ise.d on the root of Najas rmrirui, fixed with the chrom-osmium- 
acetic mixture and stained with iron haematoxylin. Nucleus; rU, nucleolus; w, nuclear 
membrane; chromosomes ; A;, polar caps ; Hpimlle; fcp, nuclear plate ; t, daughter-nucleus ; 
V, connecting fibres ; 3, cell-plate ; ra, new jrartition wall. The chromatoi)hore« are not visible 
with this fixation and staining, (x about 1000. After Oi., MOller.) 

(6 k) and forms the polar caps. The filaments converge at the poles, 
where they constitute two pointed bundles. At this stage the nucleoli 
(nl) are dissolved and the nuclear membrane disappears. The fibres 
proceeding from the polar caps can thus become prolonged into the 
nuclear cavity (7). Here they either become attached to the chromo- 
somes, or filaments from the two poles come into contact and 
extend continuously from the one pole to the other. In this way the 
nuclear spindle (7 s) is formed. 

The two halves of each chromosome separated by the longitudinal 
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Split now separate in opposite directions (8, 9) as the daughter- 
chromosomes in order to form the daughter - nuclei (1042 i). 
During this stage (diaster) the chromosomes are as a rule 
U-shaped Avith the bends towards the poles of the spindle. Having 
reached the poles they crowd together, while the surrounding 
cytoplasm forms the nuclear membrane delimiting the new nuclei. 
Within the latter the chromosomes again assume a reticulate 
structure (di-spireme stage, 11) and unite with one another to form a 
network (12), within which their individual limits are not distinguish- 
able. We are compelled, however, to assume that the individuality 
of the chromosomes is not lost. The young nuclei enlarge and one or 
more nucleoli again appear within them (12). 

by this mechanism of division is that the 
substance of the nucleus, and especially of the 
chromosomes, is distributed as equally as 
possible to the two daughter-nuclei at each 
division. This is a result of the longitudinal 
division of each chromosome and the passage 
of the two halves to the respective daughter- 
nuclei. From this it may be concluded that 
the chromatin is especially important for the 
life of the cell and of the whole organism, and 
that the chromosomes bear the determinants of 
hereditary properties, arranged like a string of 
beads. 

The number of chromosomes occurring in 
any nucleus is a definite one for the particular 
species of plant. The smallest number of 
chromosomes which has yet been found in the nuclei of vegetative 
cells of the more highly organised plants has been six ; as a rule the 
number is much larger (up to 1 30). The chromosomes of a nucleus 
frequently differ in size and form (Fig. 14) ; when such differences 
exist they persist in successive divisions. These facts indicate clearly 
that the chromosomes preserve their individuality in the resting 
nucleus. The variously shaped chromosomes are regarded as bearing 
different groups of hereditary characters of the kind of plant in 
question. 

The changes occurring in a nucleus preparatory to division are tenned the 
PKOPHASES of the karyokinesis. These changes extend to the formation of the 
nuclear plate. The stage of the nuclear plate, which usually lasts some time, is the 
METAPMASB. The Separation of the daughter-chromosomes is accomplished in the 
ANAPHASE, and the formation of the daughter-nuclei in the telophase of the 
division. 

It is uncertain in what way the chromosomes are moved in the process 
of karyokinesis as described above. Stbabbuiioee assumed that the fibres 
of the spindle which appear to end at the chromosomes (traction fibres) by their 


The end attained 



Fiu. 14, —Young o«ll from a 
transverse section of the root- 
apex of (ialtonia candicans, 
showing a unclear plate in 
the polar view. The chro- 
mosomes are grouped in 
pairs, (x 1000, After Stras- 
BUROGK.) 
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shortening drew the daughter-chromosomes from tlie nuclear plate to the poles, 
while the fibres extending from the one pole to the other were supporting fibres 
to the spindle. This assumption does not, however, explain tlie movement of the 
chromosomes toward the nuclear plate. 

In certain reproductive cells of 2 ‘lants and animals the nuclear division proceeds 
in a S 2 )ecial manner and differs from the tyjncal process just described. It is 
termed the reduction division, or meiosis (cf. p. 1 89). 


Direct Nuclear Division (^‘). — In addition to the mitotic or 
indirect nuclear division there is also a DiiiEfrr or amitotic division, 
sometimes called fragmentation. Direct division of the nucleus 
occurs in nuclei which were themselves derived by indirect division. 
It is essentially a process of constriction, which need not, however, 
result in new nuclei of equal size. No cell-division 
follows. Instructive examples of direct nuclear division 
are afforded by the long internodal cells of the Characeae. 

In the case of the Characeae, several successive ra])id divisions 

take place, so that a continuous row of bead-like nuclei often 

results. Direct nuclear division also occurs in seed-plants, c.g. in 

Traclescantia, Fmikia, Iniimlicus halsamina, qXq, _ i 

’ ’ ’ Flo. 15. — Chloro- 



j>hyll grains from 
the leaf of the* 
moss F tin aria, 
resting, and in 
process of divi- 
sion. Small in- 
cluded starch 
grains are 
present in tlie 
grains. ( x 640. 
After Stras- 

BURGER.) 


(b) Multiplication of the Chpomatophores. — This 
is accomplished by a direct division, as a result of wliich, 
by a process of constriction, a chromatophore becomes 
divided into nearly equal halves. The stages of this 
division may best be observed in the (hloroplasts 
(Fig. 15), 

(c) Division of the Cytoplasm. — In the uninucleate 

cells of the higher plants cell-division and nuclear 
division are, generally, closely associated. The fibres 
of the spindle extending from pole to pole persist as connecting 
FIBRES between the developing daughter -nuclei (Fig. 13, 9 v), 
and their number is increased by the interposition of others 
(Fig. 13, 10, ii). In consequence of this a barrel-shaped figure, 

the PHRAGMOPLAST is formed. At the same time the connecting fibres 
become thickened (Fig. 13, ii) at the equatorial plane, and the short 
rod-shaped thickenings form what is known as the cell-plate. In 
the case of cells rich in protoplasm or small in diameter the connecting 
fibres become more and more extended, and i.ouch the cell-wall at all 


points of the equatorial plane. The elements of the* cell-plate unite 
and form a cytoplasmic limiting layer, which then splits into two. In 
the plane of separation the new partition wall is formed of cell-wall 
substance, and thus simultaneously divides the mother -cell into 
two daughter-cells (Fig. 13, 12 m). 


If, however, the mother-cell has a large sap-cavity, the complex of connecting 
fibres cannot at once become so extended, and the partition wall is then formed 
suoosssiTfiLT (Fig. 16 ). In that case, the partition wall first commences to form at 
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Fki. 10. — stages in the division of a 
living cell of the orchid Kpipactia. ( x 305. 
After Tkeuu.) 


the point where tlie complex of connecting libres is in contact with the side walls 
of the mother-cell (Fig. 16 A). The cell-plate then detaches itself from the part 
of the new wall in contact with the wail of the mother-cell, and moves gradually 
across until the septum is completed (Fig. 16 B and C ) ; the new w'all is thus 
built up by successive additions from the protoplasm. In elongated cells that 

divide longitudinally such as those of the 
cambium the formation of the wall thus 
proceeds from the middle region where the 
nucleus is situated (^®). 

In the Thallophytes, even in the case of 
uninucleate cells, the partition wall is not 
formed within connecting libres, but arises 
either simultaneously from a previously 
formed cytoplasmic plate, or successively, 
by gradual projection inwards from tlie 
wall of the mother-cell. In this form of 
cell-division the new wall commences as 
a ring-like projection from the imsidc of 
the wall of the mother-cell, and gradually 
pushing farther into tlie cell finally extends completely across it (Fig. 17). The 
new wall is formed midway between the daughter-nuclei. 

In the naked cells of the Myxomycetes and Flagellates the division results from 
an active constriction of the protoplast. 

2. Deviations from typical Cell Division. — The main deviations 
from typical coil-division which are found here and there in the 
vegetable kingdom are MULTiCELLULAii formation, cell-budding, and 
FREE CELL FORMATION. 

(a) Free Nuclear Division and Multicellular Formation.— The nuclear division 
in the multi nucleate cells of the Thallophytes may servo as an example of free nuclear 
division, that is, of nuclear division unaccompanied by cell-division. In plants 
with typical uninucleate cells, examples 
of free nuclear division also occur. This 
method of development is especially in- 
structive in the embryo-sac of Phanero- 
gams, a cell, often of remarkable size and 
rapid growth, in which the future embryo 
is developed. The nucleus of the embryo- 
sac divides, the two daughter-nuclei again 
divide, their successors repeat the process, 
and 80 on, until at last thousands of nuclei 
are often formed. No cell-division accom- 
jmnies these repeated nuclear divisions, but 
th 0 nuclei lie scattered throughout the 
peripheral cytoplasmic lining of the embryo- 
sac. When the embryo -sac ceases to 
enlarge, the nuclei surround themselves 
with connecting strands, which then radiate from them in all directions 
(Fig. IS). Cell-plates make their appearance in these connecting strands, and 
from them oell-walls arise. In this manner the peripheral protoplasm of the 
embfyo^sae divides simultaneously into as many cells as there are nuclei. Where 



Fki. 17.— Portion of a dividing coll of Clado- 
phora, w, Newly forming i>artitlou wall ; 
ek, dividing chromatopbore ; fc, nuclei. 
(X 600. After Stbabburoeb.) 
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the ombryo-sao is small ami of slow growth, successiv'e cell-division takes place, so 
that multicellular formation luay he regarded as but a shortened process of 
successive cell-division, induced by an extremely rapid increase in the size of the 
cell. The rei)rod active cells of many Algae and Fungi also arise in this way. 

(b) Cell-budding. — This is simply a special variety of ordinary cell-division, in 
which the cell is not divided in the middle, but, instead, pushes out a protuberance 
which becomes separated from the mother-cell by a wall formed across the 
constricted region. This mode of cell-multiplication is characteristic of the Yeast 
plant (Fig. 19) ; the spores, known as conidia, which are produced by numerous 
Fungi, have a similar origin (Fig. -ilO). 

(c) Free Cell Formation. — Cells produced by iliis process differ from those 
formed by the usual mode of cell- 
division, in that the free nuclear 
division is followed by the forma- 
tion of colls, which have no contact 
with each other, and in the 
formation of which the whole of 
the cytoplasm of the mother-cell 
is not used up. This process can 
he seen in tlie development of the 
swarm cells of some Algae, in 
the developing embryo of some 
Gyinnosperms {e.g. Bphcdnt)^ in 
the formation of the egg-apparatus 
and antipodal cells inAngiosperrns, 
and also in the formation of the 
spores of the Ascomycetes. A 
single nucleus is present to begin 
with in each ascus of the Asco- 
mycetes. By successive divisions 
eight nuclei, lying free in the 
cytoplasm, are derived from this. 

A definite portion of cytoplasm 
around each of these nuclei be- 
comes limited from the perii)lieral 
protoplasm (periplasm) by a layer, 
which then forms a cell -wall. Thus 
eight separate spores arise (cf. 

Fig. 390). As the researches of 
Harper (^®) have shown, the formation of the peripheral layer proceeds from 
a centriole-like mass of protoplasm (Fig. 20 A) which formed a pole of the 
spindle in the preceding nuclear division ; the nucleus is drawn out towards 
this. F’rom the centriole-Uke body radiations proceed (Ajo) which surround the spore 
as it becomes delimited, and finally fuse to form its peripheral layer (Pig. 20 C, i>). 



Fm. 18.— Portion of thfi poi ipheral protoplasm of Uie 
embryo-Hac of Ite-seifa, showing the cotinnencement of 
multicellular formation. This ])rogrosscs fix>m above 
downwards. From a fixed and stained preparation. 
(X 240. After Sthasburokb.) 


III. THE LARGER NON-LIVING INCLDSIONS OF THE 
PBOTOPLASTS (“) 

la addition to the minute microsomes which are always present 
in the cytoplasm, larger non-living inclusions make their appearance 
in. the cytoplasm and chromatophores of all cells as they pass from 
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the meristematic to the mature condition. The cell-sap (Fig. 3 ?;), which 
in larger or smaller vacuoles is hardly ever absent from a cell of the 
mature tissues of a plant, has already been mentioned. Besides these 
droplets of a watery solution, fats and oils and also solid bodies 


in the amorphous or 
crystalline condition 
frequently occur in 
the cell-sap or the 
cytoplasm itself. 
Many of these in- 
cluded substances are 
of great value in the 
life of the plant as 
RESERVE MATERIALS. 
They are accumu- 
lated for future use 
in considerable quan- 



Fio. 19.— Sacjiharomyces 
cereviHiie. I, Cells 



without buds ; ^ and 

3, budding cells, (x Eio. 20,— Succe.s.sive stages of the Jieliinitation of a spore in the 
540. After Stbas- asona of Erysiphe. 5, Nuclear network ; n, nucleolus, (x 1500. 

BURGER.) After Harper.) 


tity in the cells of storage organs (bulbs, tubers, seeds). Others are 
end products of metabolism which may, however, be of great ecological 
importance. 

A. Inclusions of the Cytoplasm 


1. Fluid Inclusions of the Cytoplasm, (a) The Cell-Sap. — This 
name is given to the watery fluid in the larger vacuoles or the single 
sap-cavity of vegetable cells (Fig. 3). It is more or less rich in 
various dissolved substances, which may be the same or different from 
those in the protoplasm. The dissolved substances may differ in the 
various vacuoles of the same cell. 

All cell-sap contains in the first place inorganic salts, especially nitrates, 
sulphates, and phosphates. Its reaction is usually acid owing to the presence 
0 f ORGANIC ACIDS malic acid C4Hg05, which is constantly present in the 
leaves of succulent plants, tartaric acid 04H60e, oxalic acid Ca04Ha, etc), or salts 
of these. 

The SOLUBLE OABBOHYDEATES are especially important constituents of the cell- 
aap, often as reserve materials. Various sugars are the most important These 
ineiude dl-saccharides (GiaHagOj,) such as cane-sugar and maltose, and mono- 
aaocharldes (CgHjaOe) such as grape-sugar (glucose). Cane-sugar is frequently 
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stored as a reserve material, as in the sugar-beet, carrot, the stem of the sugar-cane, 
and other plants from w}ii(;h sugar is obtained. A similar place is taken by the 
carbohydrate inui.in in the Comj>ositae and by (Ilyc^ooen in the Fungi. 

If preparations containing glucose be placed in a solution of coj>per sulphate, and, 
after being washed, are transferred to a solution of caustic potash and heated to 
boiling, they will give a brick-red precipitate of cuprous oxide. Treated A\ith 
alcohol, inulin is precipitated in the form of small granules, which may be 
redissolved in hot water. When ])ortions of jdants containing much inulin, such 
as tlie root tubers of DaJdia variahilUf are placed in alcohol or glycerine, the inulin 
crystallises out and forms sphaerites (sphere-crystals) which often show” distinct 
concentric stratification. 

Glycogen, which is of frequent occurrence in animal tissues, occurs in the 
Fungi, Myxomycctes, and the Cyanophyceae in the form of droplets. It is a 
poly-saccharide with the composition It takes the place of other 

carbohydrates such as starch and sugar. Cytoplasm containing glycogen is 
coloured reddish-brown with a solution of iodine. This colour almost wholly 
disappears if the preparation be w”armed, but reappears on cooling. 

Mucilage, which consists of carbohydrates, is often found in the cell-sap of 
bulbs, as in Alliuvn cepa and Urginea {Scilla) maritima ; in the tubers of Orchids ; 
also in aerial organs (Fig. 21), especially in the stems and leaves of succulents, 
and also outside the protoplasts in the cell-wall (cf. p. 36). 

Amides, especially asparagin, occur in ihe cell-sap as reserve materials or as 
intermediate products of tlio metabolism (cf. ]>. 14). 

Highly refractive vacuoles filled with a concentrated solution of tannin (2^) 
are of frequent occurrence in the cytoplasm r»f cortical cells, and may often grow 
to a considerable size. Alkaloids and glucosidks (cf. p. 14) are also not 
infrequent in the cell-sap. All these are usually end products of metabolism. 

Tannins are mixtures of various aromatic compounds, frequently glucosides ; 
in glucosides in plants gallic acid, gallo-taniiic acid (digallic acid or tannin) and 
ellagic acid are especially w”idely spread. The dark-blue or green colour reaction 
obtained on treatment with a solution of ferric chloride or ferric sulphate, and the 
reddish-brown precipitate formed with an aqueous solution of potassium bichromate, 
are usually accepted as tests for the recognition of tannins, but are not restricted 
to them. The tannins are not further utilised in the plant. TJiey often impregnate 
cell- walls, which then persist and resist decay. 

The cell sap is often coloured principally by the so-called antho- 
CYANINS, a group of non-nitrogenous glucosides. They are blue in 
a weakly alkaline, and red in an acid-reacting cell-sap, and, under certain 
conditions, also violet (in neutral cell-sap), and even blackish-blue. 
Alkalies frequently change the colour to green. Anthocyanin can be 
obtained from the cell-sap of a number oi deeply coloured parts of 
plants in a crystalline or amorphous form. 

The anthocyauins are glucosides in which cyanidins (aromatic pigment 
components, hydroxyl compounds of phenylbeuzo-pyrilium, and apparently related 
to the flavones), are combined with sugar, e,g, in the Cornflower cyauidin (C^sHioOe) 
and in the flower of the Larkspur delphimdin (CicHn^O,). In red flowers the 
cyanidins are united with acids and in blue flowers with alkalies, while the 
pigments in violet flowers are neutral. 

Less commonly yellow substances, anthochloee, are found dissolved in the cell- 
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sap as in the yellow floral leaves of the Primrose and the yellow Foxglove. A 
brown pigment called anthopiiakink occurs in the cells of the blackish-brown 
spots of some flowers. Thu anthochlores are also glucosidcs with aromatic 
pigment coniponents belonging to the llavoiies, or may be free flavones. 

Blood-coloured leaves, such as those of the Copper Beech, owe 
their characteristic appearance to the united presence of green 
chlorophyll and anthocyanin. 

The different colours of flowers and fruits which often serve to 
attract animals are due to the varying colour of the cell-sap and also 
to the different combinations of dissolved colouring matter with the 
yellow, orange, or red chromoplasts and the green chloroplasts. 

(b) Vacuoles containing Fats (Fatty Oils). — These su}).stances are 
of common occurrence as reserve materials ; about nine-tenths of all 
Phanerogams store them in their seeds often in the form of n. very 
fine emulsion which cannot he optically demonstrated. In seeds 
especially rich in oil this may form 70 per cent of the dry w^eight. 
Especially in the germinating seeds, the oil may form highly 
refractive droplets (fat-vacuoles) in the cytoplasm. 

Fats are mixtures of glycerine e.sters of fatty acids, especially of i>almitic acid 
(CjfiHagOa), stearic acid and oleic acid (C\«IT.) 402 ). Since fats provide a 

greatej- amount of energy than other storage substances, the apace availal.>lo in 
storage organs is best utilised for them. 

(c) Vacuoles with Ethereal Oils and Besms {^), — These also occur as highly 
refractive droplets. They arc found in the cells of many petals. Special cells, 
often with corky walls and filled with resin or ethereal oils, are found in the 
rhizomes of certain plants, as for instance in those of Acorus Calamus and of 
Ginger {Zingiber oficinale) ; also in the bark, as, for example, of Cinnamon trees 
{Cinnamomum) ; in the leaves, as in tlie Sweet Bay {Lanrus nohilis) ; in the 
pericarp and seed of the Pepper {Piper nigrum) ; in the pericarp of Anise {Illicium 
anisatum). Ethereal oils and resins have antiseptic properties. In flowers their 
scent assists in attracting insects. Under some conditions the oil assumes the 
crystalline form, e.g. in rose petals. Ethereal oils are nuxtures of terpenes 
(Cj(fHjQ)i-u and terpene derivatives with certain esters, phenols, and higher 
alcohols. Jiesiiis and mixtures of terpenes are resin acids which arise from the 
terpenes by oxidation. 

2. Solid Inclusions of the Cytoplasm, (a) Crystals of Caleium 
Oxalate Ca(C02)2. — F ew plants are devoid of such crystals (^^). They are 
formed in the cytoplasm as end products of metabolism, within vacuoles 
which afterwards enlarge and sometimes almost fill the whole cell. In 
such cases the other components of the cell become greatly reduced ; 
the cell-walls at the same time often become corky, and the whole 
cell becomes merely a repository for the crystal. The crystals may 
be developed singly in a cell, in which case they are of considerable 
size (Figs. 125 A, 168 Bi, 177 ^), or many minute crystals may fill the 
cell as a crystalline sand. In other cases they form crystal aggregates 
(Figs, 125 A, 179 A), clusters of crystals radiating in all directions from 
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a common centre, or many needle-shaped crystals lie parallel forming 
a bundle of raphidcs (Fig. 21). The various types of crystals pre- 
dominate in different plants. 

The SOLITARY (-KVSTALS beloijg to tlie Litragojial or to the nionosymnietric 
system. The former, with tliree molecules of water of crystallisation, form as a result 
of the sii})ersaturaiion of the solution with calcium oxalate ; tJio latter (including 
the raphides) with one molecule of water of ciw'stallisation, result from an excess of 
oxalic acid. 

Crystals of calcium oxalate are soluble in liydrocljloric acid, but insoluble in 
acetic acid. 

Siliceous bodiks, wdiich arc only soluble in hydrofluoric acid, are found in 
some cells, especially of Grasses, Palms and Orchids. 

(b) Aleupone Grains. Proteid Crystals.— Albuminous substances 
may be stored in a dissolved form in the cell-sap of succulent parts of 
plants. Thus they can be precipitated by treatment with alcohol in 
the cells of the potato tuber. In dry structures, such as many seeds, 
proteid substances occur as solid granules called aleuuone grains, 
which are especially large in oily seeds (Fig. 22). They are formed 
from vacuoles, the contents of which are rich in albumen, and harden 
into round grains or, sometimes, into irregularly shaped bodies. The 
albuminous substances of which they consist are mainly globulins (‘^'‘). 
A portion of the albumen often crystallises, so that frequently one, 
and occasionally several, crystals are formed within the aleurone grain. 
These are especially large in the aleurone grains of the Brazil nut 
{Bertlwlletia exceha). In the cereals the aleurone grains, which lie 
only in the outer cell-layer of the seeds 23 alj, are small, and 
free from all inclusions. As the outer cells of wheat grains contain 
only aleurone, and the inner almost exclusively starch, it follows that 
flour is the richer or poorer in albumen the more or less completely 
this outer layer has been removed before the wheat is ground. The 
aleurone layer remains attached to the inner layer of the seed-coat, 
in the bran. 

In aleurone grains containing albumen crystals tliere may often be found globular 
bodies termed (iiiouoins (Fig. 22 g), which consist of globulins combined with tlie 
calcium and magnesium salt (pliytiii) of the organic inosithexa phosphoric acid O^Hfl 
[0,? (OH).Je. 

Reactions for aleurone are the same as those already mentioned for the 
albuminous substance of protoplasm. Treatment of a cross-section of a grain of 
wheat (Fig. 23) with a solution of iodine would give the aleurone layer a yellow- 
brown colour. 

Albumen crystals usually belong either to the regular or to the hexagonal crystal 
system. They differ from other crystals in that, like dead albuminous substances, 
they may bo sUined, and also in that they are capable of swelling by imbibition. 
Albumen crystals may occur directly in the cytoplasm j as, for instance, in the 
cells poor in starch in the peripheral layers of potatoes, and in ohromatophores 
(Fig. 27). They are sometimes found even in the cell-nucleus. This is particularly 
the case in the Toothwort {Lathraea), and in many Scrophulariaceae and Oleaceae. 
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B. Inclusions of the Chromatophores 


Crystals of albumen and of pigments have already been mentioned 
as occurring in chromatophores (Fig. 27), but the most important 
inclusion is starch The chloroplasts in plants exposed to the 
light almost always contain starch-grains (Fig. 15). These grains of 
starch found in the chloro- 


plasts are formed in large 
numbers, but as they are 
continually dissolving, always 



Fio. 21.— Cell from the cortex of 7>m- 
caena, Ulled with mucilaginous 
matter and containing a bundle 
of raphides, r. (X 100, After 
tiCHKNC.'K.) 



Ffo, 22.-- CHI from the endospevni of Itlcinus 
eomminh, in water; k, alhunion crystals; 
(/, globt>id. (X 540. Aftt‘r STiiASnoRf.ER.) 



Ffo. 23.— Part of a section of a grain of wheat, Triticmi 
viilgare. p, Pericarp ; f, seed coat, internal to wliich 
18 the endo.si)enn ; viy aleurone grains ; am, starch 
grains ; a, cell nucleus, (x 240, After Strasbuboer.) 


remain small. Large starch-grains are found only in the reservoirs 
of reserve material, where starch is formed from the deposited 
products of previous assimilation. Such starch is termed reserve 
BTAECH, in contrast to the assimilation starch formed in the 
chloroplasts. It also only arises in chromatophores, in this case the 
LEHCOPLASTS or starch-builders (p. 19) which form it from sugar, even 
in absence of light. 

All starch used for economic purposes is reserve starch. The 
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amount of starch contained in reservoirs of reserve material is often 
considerable ; in the case of potatoes 20 per cent of their whole 
weight is reserve starch, and in wheat the proportion of starch is as 
high as 70 per cent. The starch flour of economic use is derived by 
washing out the starch from such reservoirs of reserve starch. In 
the preparation of ordinary flour, on the contrary, the cell-walls and 
protoplasts of the tissues containing the starch are retained in the 
process of milling. 

The reserve starch consists of flat or roundish (oval or circular) 
grains, differing in size in different jflants. A comparison of the 
accompanying figures (Figs. 24-26), all equally magnified, will give 
an idea of the varying size of the starch-grains of different plants. 
The size of starch-grains vanc.s, in fact, from 0*002 mm. to 0*170 



Fio. 24. '-Starch-grains from a potato. simple; 
By half- compound : C and /), coniponnd starch- 
grains ; Cy organic centre of the starch-grains, 
(x 540. After 8tkasijiir<'.er.) 



Fio. 25.- Htarch -grains fi'om the 
cotyledonsof (x 540. 
Aftei- Strasiu boer.) 



Fio. 2<).— Starch-grains of the ont, 
Aiwa satira. A, Compound 
grain ; B, isolated comix>nent 
grains of a comiwund grain, 
(x 640. After Strasborokr.) 


mm. Starch-grains 0*170 mm. in size may be seen even with the 
naked eye, as minute bright bodies. The starch -grains stored as 
reserve material in potatoes are comparatively large, attaining an 
average size of 0*09 mm. As shown in the above figure (Fig. 24), they 
are plainly stratified. The stratification is due to the varying densities 
of the successive layers ; thicker denser layers — which appear clear 
by transmitted light — alternate with thinner less dense layers — which 
appear dark. They are excentric in structure, since the organic centre, 
about which the different layers are laid down, does not correspond with 
the centre of the grain but is nearer to one margin. The starch-grains of 
the .leguminous plants and cereals, on the other hand, are concentric, and 
the nucleus of their formation is in the centre of the grain. Tl^e starch- 
grains of the kidney bean, Phdseolus vulgci/ris (Fig. 25), have the shape of 
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flattened spheres or ellipsoids ; they show a distinct stratification, and 
are crossed by fissures radiating from the centre. The disc-shaped 
starch-grains of wheat are of two very different sizes, the larger 
lens-shaped and indistinctly stratified, and the smaller minute spluires. 
In addition to the simple starch-grains so far described, half-compound 
and compound starch-grains are often found. Grains of the former kind 
are made up of two or more individual grains, surrounded by a zone of 
peripheral layers enveloping them in common. The compound grains 
consist merely of an aggregate of individual grains unprovided with 
any common enveloping layers. Both half-compound (Fig. 24 11) and 
compound starch-grains (Fig. 24, (7, 1)) occur in potatoes, together with 

simple grains. In oats (Fig. 26) and 
rice, all the starch-grains are compound. 
The compound sUrch-grains of rice 
consist of from 4 to 100 single grains ; 
those of the oat of about 300, and 
those of Sjdniiria glahra sometimes of 
over 30,000. Stiirch-grains have thus 
distinctive forms in differeiit plants. 

The structure of starch - grains 
becomes intelligible in the light of 
their mode of formation. If the starch- 
grain is uniformly surrounded by the 
Icucoplast during its formation, it 
grows uniformly on all sides and is 
symmetrical about its centre. If the 
formation of a sUirch-grain ])egins 
near the periphery of a leucoplast, the grain will grow more 
rapidly on the side on which the main mass of the leucoplast 
is present, and the starch-grain thus becomes exccntric (Fig. 27). 
Should, however, several starch-grains commence to form at the 
same time in one leucoplast, they become crowded together and form 
a compound starch-grain, which, if additional starchy la} ers are laid 
down, gives rise to a half-compound grain. 

Starch-grains are composed of a carbohydrate with the formula 
(CgHj^Og),,. When it is to be employed further in the metabolism of 
the plant, starch is again transformed into sugar (maltose) by the action 
of an enzyme called diastase. 




Fio. 27.— Jjeucoj'lasts from an aorial lul»er 
of tli« orcln'fl I'hnjtis. A,C, D, viewed 
from the side ; Ji, vi»jwed from above ; 
8t, Htarch grain ; At, proteid crystal. 
(X MO. After vStrasburoer.) 


BUrch-grains may be regarded as crystalline sphacro-crystals, which are built 
up of radially arranged, needle-shaped crystals of a- and jS-auiylose, With polarised 
light they show, like inorganic sphaerites, and those of inulin (p. 27), a dark cross, 
an appearance depending on the doubly-refi:active nature of the elements of the 
starch-grain. Rontgen rays also demonstrate the starch-grains as constructed of 
rhombic crystallites. The stratification is the expression of differences in form and 
abundance of the crystalline needles in the successive layers. 

Stareh-grains are as a rule coloured, first blue and then almost black, by a 
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watery solution ot* iodine. They are easily swollen at ordinary temperatures 
in solutions of potash or soda and by chloral hydrate. They also swell and 
form a paste in water at 60^-80” C. They dissolve, i.e, are transformed into 
sugar without previous swelling, in concentrated siiljdiuric acid. H(‘ated without 
the addition ol water, or roasted, the starch is transformed into an imperfectly 
known substance that is soluble in w’ater. 


IV. THE CELL- WALL (2^ 

Eacli protoplast in plants is as a rule enclosed by a firm invest- 
ment called the cell-wall. 'Phis is formed on the outside of the 
protoplast and is not itself regarded as living. Many plants 
commence their development as naked protoplasts, e.g. swarm-spores 

egg- cells. Those cells, before develojnng further and dividing, 
secrete a thin cell-wall clothing the surface. In cell-division, as has 
already been described, a partition wall is usually formed between the 
new cells so that each protoplast remains enclosed by a cell-wall. 

The form of cells is usually dependent on the cell-wall, for the 
naked protoplast behaves like a fluid drop. The lelatively small and 
uniformly shaped meristematic cells attain their ultimate size and 
special shapes by the growth in surface of their walls. This growth 
is sometimes the same all round, and at other times is limited to 
the tip or an angle of the cell, to a girdle-like zone, or some other 
circumscribed region. It comes about as a result of the stretching 
of the wall, or else by the insertion of new material between the 
particles of the existing wall (growth hy tn i ussusception). 

The cell- wall serves to protect and also to give rigidity to the 
protoplast. This is attained both hy the tension of the membrane 
(turgor, cf. p. 219) and by the growth in thickness of the cell-wall. 
While the ultimate form of the cell involves growth in surface of the 
cell- wall, it is by the growth in thickness that the latter attains its 
characteristic structure. The growth in thickness, which commences 
during the growth in surface of the wall, continues after tliis is 
complete. It is usually effected by apposition, ie, the deposition of 
material hy the protoplasm on the already existing wall in the form 
of new layers or lamellae. In this way a concentric stratification of 
the cell-wall arises (Fig. 29). In the thickened wall, thicker, denser 
lamellae alternate with thinner and less dense layers, which are often 
not only richer in water hut chemically d’^Terent from the denser 
layers. The latter are more highly refractive and appear brighter. 
In many apparently homogeneous cell-walls, such stratification can 
be recognised after swelling has been brought about hy treatment 
with strong acids or alkalies. 

Not uncommonly growth in thickness also depends on the 
introduction of new material into the existing wall (intussusception). 

In many cells the whole extent of the wall is thickened 
with the exception of small circular, elliptical, or spindle-shaped 
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areas which form the PITS. These appear in the thickened wall as 
depressions (Fig. 28) or tubular canals (Fig. 29), closed at one end, as 
a rule the outer, by the unthickenc<l portion of the cell-wall which 
forms the pit membrane (Fig. 28 B). Sometimes with the increase 
in the thickness of the wall the canals of several i)its unite forming 
BRANCHED PITS. Such branched pits have usually very narrow canals 
and occur for the most part in extremely thick and hard cell-walls as, 
for instance, those of sclerotic cells or sclereides (Fig. 29). 

In other cells the greater part of the wall is only slightly 
thickened, while narrowly circumscribed portions thicken greatly and 
assume the form of projections, warts, simple or branched j)cgs (Fig. 

30), spines, ridges, bands, or a network 
(Figs. 64, 65). Such thickenings may 
form either on the outside (centrifugal) 
or on the inner surface of the wall (centri- 






B 




Fio. 28. —A, spherical stalkodcell 
of Sapi'oleijnia with circular 
pits in th(i wall. B, One pit 
of this ill optical section more 
highly magnified. 


Fio. 20. —Sclerotic cell from the bliell of a walnut 
showing stratification of Uie wall and branched 
pits. Tlie canals of some of iliese pabs ob- 
liquely out of the plane of section, (Bothert, 
after Rejnke.) 


petal). Small projections often occur on hairs, while the thickenings 
of spores and pollen grains (Fig. 31) are characteristic. 

A very peculiar form of thickening, with calcium carbonate deposited in it and 
localised to one small region of the wall, is seen in the cYstoltth which forms 
a stalked body, lianging in the cell like a bunch of grapes {Ficus elastica^ 
Fig. 32). 

Centrifugal thickening of the wall is frequently brought about by intussusception. 
This can take place at some distance from the protoplasm and be associated with 
chemical and structural differentiation of the.oell-wall, which thus behaves almost 
as if it were a living structure. The centrifugal thickening of the walls of cells 
which have arisen by free cell formation {c.g, ascospores) is effected hy the 
periplasm from which the cells have been cut out (cf. p. 25). Similarly the 
thickenings of many pollen grains and spores are deposited from without by 
the protoplasm of the tapetal cells whioh line the cavities in w'hich they are 
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developed. The ])roto])liists of the tapetuni fuse to a peri pi asm odium surrounding 
the young spores or pollen grains (■■*). 

In some cases fine striae, running obliquely to the longitudinal axis of the cell, 


are apparent when the thickening layers are viewed from the surface (PMg. 38). 

a distinction in tlic individual T 

thickening layers of regions of 

different density, the denser fro- ^ , 

,, . I. • +1 , . n ^ u;. SO.—Portion of a ftibul.'ir rhizoid of with 

qncntly projecting into the ce. 1 lhu.keni„„« ol l.l„. i™il. (x m.) 

cavity, or (in many Algae such 

as Chidophoni) on a wavo-like folding of the lamellae. If the wall is distinctly 
stratitied the striae in successive thickening layers arc usually inclined in 
opposite directions (Fig. 83). 


Chemical Nature of the Cell Wall — In living colls the cell- 
wall is always permeated hy water and swollen, ])ut shrinks corre- 
spondingly when the water is more or less completely removed. 
The lamellae of the wall consist of carhohydrates, in the main of 
CELLULOSES, btlt also of HEMICKLLULOSP^S or PENTOSAN ES, and as a rule 
of several of these substaitces. 


The c(dl-walls thus never consist of pure cellulose. The celluloses occur in the 
walls of all plants with the execj)tion of many fungi ; tliey are polysaccharides, the 
composition of which is expressed by the formula (Cf,llj„0r,)„. They stain blue 
with chlor-zinc-iodide solution but not with iodine alone. This reaction holds for 
many hemieelluloses which arc also j)olysaccji,irides. The cell -wall nearly always 

contaijis other substances in consider- 



ihle amuunt, some of whicli are stained 
other colours than blue by clilor zinc- 
iodide. The pkctjc substances are 
especially important ; these take a 
yellow colour with this reagent. It 
depends on this that many “cellulose 
walls" do not give a pure blue w'ith 
clilor- zinc- iodide but stain violet, 
brownish violet, or brown. CuiTiN, 
formerly regarded as peculiar to the 
animal body, is ])resent in the walls of 
most Fungi. 


Pj(j. SI. — A, I’olleii -grain of CuenrMta Pepo in surface 
view, an<i partly in optical section, icmlered 
transparent by treating with oil of lenitme. 
(x 240.) Ji, T»art of transverse section of pollen 
grain, (x 540. After STRAsnrKuER.) 


The CELLULOSES aro insoluble in 
dilute acids and alkalies ; even con- 
centrated potash solution does not 
dissolv them. They are, on the other 
hand, soluble in. ammonia-oxide of 


copper, by concentrated sulphuric acid after conversion into dextrose, and by 
concentrated hydrochloric acid. They aro further acted on by the enzyme 
cellulase and transformed into glucose, with the dissaccharide cellobiose as 
an intermediate product. After treatment with sulphuric or phosphoric acid a 
watery solution of iodine will colour them blue, and a similar reaction is obtained 
by the simultaneous action of a concentrated solution of certain salts, such as 
ziuc-chloride or aluminium-chloride, and of iodine. Accordingly chlor-zinc-iodide, 
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on account of the bJue or violet colour imparted by it, is one of the most con- 
venient tests for cellulose. The name of hkmii*kllui-osf..s is given to a series of 
substances which are nearly related to tlu* celluloses, but are transformed by even 
dilute acids into soluble sugars other thim dextrose (e.g. mannose, galactose). 
Mucilaginous cell -walls and those consisting of reserve-cellulose are specially rich 
in hemicelluloses (cf. p. 41 ). They are often insoluble in amnionia-o.xide of 
co])per. As the celluloses arc polysaccharide.^ with large molecules produced 
from hexoses (C^jHigOg), the pentosancs (C6ll804)ti arc (jorresponding condensation 
products of pentoses (CrHioOs) such as arabinoso and xylose. The T’Eotins (•’'®) are 
characterised by the ease with which they dissolve in alkalis after }»rcvious 
treatment with dilute acids. In contrast to cellulose, they stain deeply with 
safranin and methylene blue. The pectins are comjdex compounds in which 
monohexoses, pentosane, acetic acid, and 
in addition methyl alcohol behaving as 
an ester and calcium and magnesium 


Fjo. 32.--Cen of Ficus elastica contain- Fio. 83.— Part of a sclcrenchyinatous fibre 

ing a cystolith, c, (x 240. After from Viuca, in surface view, (x 5(X). 

SCHKNCK.) After STRASBCRCiKR.) 

behaving as salts, are united to tetragalacturic acid (0.2411.^20.^, a condensation 
product of galacturic acid C^HioO^). It is the presence of pectins that determines 
the formation of gelatinous material from decoctions of fruits. 

Chitin is acetyl-glycosamine (C32H5402iN4). 

The cell-wall frequently undergoes chemical changes of various 
kinds during the life of the cell ; sometimes layers already deposited 
change, in other cases the newly deposited layers are diffiparant from 
those first formed. These transformations stand in the closet relation 
to the requirements of the plant to which the cells contril^e* As 
regards “cellulose walls,” these in young cells are less eli^c but 
relatively more extensible than in older cells ; this is advantageous in 
relation to the active growth in length of young parts. Such walls 
offer little resistance to the diffusion of water and dissolved substances. 

Cellulose walls not infrequently become MUCILAGINOUS, their sub- 
stance being transformed into a gelatinous or mucilaginous mass which 
swells greatly in water. Frequently cell-walls undergo lignifica- 
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TION, SUBERISATION, or CUTINISATION. Lignification diminishes the 
extensibility of the cells considerably and increases their rigidity, 
without lessening tlie permeability of the wall to water and dissolved 
substances. Corky and cutinised walls, on the other hand, are 
relatively impermeable to water and gases, and greatly diminish 
evaporation. 

LiGNiriOATioN depends on the introduction into the carbohydrate layers of the 
cell- wall of lignines. The chemical composition of these is little understood, but 
benzole derivatives and pentosans enter into this. The innermost layers of the 
wall of lignified cells consist, liowever, in many cases of cellulose. Characteristic 
reactions for lignin are a yellow colour with acid aniline sulphate, and a red colour 
with phloroglucin and hydrochloric acid. These reactions depend on aromatic 
substances present in the lignified wall. With chlor-zinc-iodide lignified walls 
stain yellow, not blue. The lignifying substance.s can he separated from the walls 
by prolonged boiling in solutions of calcium bisulphite or caustic soda, under 
pressure. Only the cellulose lamellae remain and form a source of artiticial 
cellulose. The action of Kau de Javelle on microscopical sections is similar. 

SuBKHisATioN is as a rule limited to the middle thickoniug layers of a cell-wall. 
The corky lamellae consist of suberin only and thus contain no carbohydrate. 
CuTiNisATiON is closely related to suberisation but not identical. It consists in a 
secondary de])osit of cutin on a cellulose wall, or its introduction into the 
substance of the wall. No sharp distinction can be drawn between cutin and 
suberin. Both are coloured brow'iiish yellow by chlor-zinc-iodide and take a nearly 
identical yellow colour with potash ; they stain red wdth siulaii-glyccrine and are 
both insoluble in concentrated sulphuric acid or aminonia-o.Kide of copper. Cutin, 
however, resists the action of potash better. Both cutin and suberin behave 
differently to reagents according to their special mode of origin. According to 
VAN W'lssELiNGH suherin is a fatty substance whicli is composed of glycerine 
esters and other compound esters of phellonic, suberic, and others of tlie higher fatty 
acids ; the pholloiiic acid is wanting in the more complex cutin. 

In old cell-walls inorganic substances often accumulate in considerable amount. 
Silicic acid is frequent, calcium carbonate less common, while organic salts such as 
calcium oxalate also occur. Calcium carbonate occurs in the walls of certain 
plants, €,g. of most Characeae, in such amount that they become rigid and brittle. 
Silicic acid is present in the peripheral cell-walls of grasses, horse-tails, and many 
other plants of the unicellular diatoms), and makes them more rigid. 
Calcium oxala'I’K when present is usually in the form of crystals. 

The cell-walls are frequently coloured dark by derivatives of tannins, and thus, 
as in seed-coats and in the old wood, are protected against decay. The pigments 
belonging to the flavone group which occur in the technically valuable woods 
are also localised in the cell-walls. 

Sojid cell-walls may undergo a transformation into gum, as in the gummosis 
of wood. In species of Frumis and Citrus the thickening layers of the cell -wall 
become swollen one after another in this process, and ultimately the cell contents 
are involved in the change. The gum is chemically similar to mucilage (cf. p. 36). 

Spectroscopic examination with Kbntgen rays has shown that cellulose walls, in 
the same way as starch-grains, have a crystalline structure. They consist of 
rhombic crystallites which are placed with their main. axes oblique to the 
longitudiaal of the cell (®*). 
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SECTION II 

HISTOLOCJY P) 

I. THE FORMATION OF TISSUES 

A. The Idea and Significance of Cellular Tissues 

Every close association of protoplasts enclosed in cell-walls is 
termed a tissue. 

Only the lowest ory;anisins ai-e composed of a singl(‘ uninucleate or 
multinucleate protoplast and are thus unicellular throughout their life. 
Usually the body <»f a plant is multicellular, consisting of many 
protoplasts se[)arated by cell-walls and thus forming a tissue. The 
attainment of large size and more complex external organisation is as 

a structure. There are, it is true, certain 
Algae (Siphoncac) (Fig. oUl) wliich are 
externally highly organised, while they 
consist internally of a single multinucleate 
protoplast. These may be contrasted as 
non-cellular organisms with the ordinary 
cellular plant, to the construction of wdiich 
they form an exception. The formation 
of a cellular tissue is of the greatest 
importance in the development of more 
highly organised plants in enabling a 
division of labour to be effected in the 
protoplasm of the body. The division of 
the protoplasm into numerous protoplasts 
provides elementary parts which can take over different duties. It 
further greatly increases the surface of the protoplasm. The cell- 
walls separating the protoplasts isolate the latter more or less, while 
at the same time increasing the cohesion and the internal rigidity of 
the whole body formed of the numerous soft protoplasts. 

A very iniperA'ot tissue formation is found in those organisms the cells of which 
separate IVom one another at each division, but remain connected by the mucilage 
derived from the swollen cell-walls. Such unions of more or less independent 
cells that have had a common origin may be termed cell-families or cell-colonies. 
The Sehi/.ophyceae, to which group Gloeocapsa (Fig. 34) belongs, and tlie orders of 
the Vol vocales and Protococcales among the Green Algae afford numerous examples, 
and the descriptions in the special part should be consulted. In the cell-filaments 
and cell-surfaces of those lower Algae in wliich the cells are all equivalent but are 
united together, the characters of a definite tissue begin to make their appearance. 
With the increasing number of cells composing the organism we get a contrast 
between base and apex and the appearance of a growing point, and also progressive 
iiviaion of labour among the cells. 


a rule associated with siu b 



Fni. 84,-- (t/oeocrinsa jiofi/derrnatiaf. 
A, Siiiglo cf*ll ; B, c', divided. 
(X 54U. After iSr:iAKiurn<iEu,) 
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B. Origin of Tissues 

The origin of vegetable tissues is, in general, attributable to cclJ- 
(livisioii. In llydrodkiyon. among the Algae a tissue is formed by the 
apposition of free cells. In the Fungi and Si])honeae a tissue arises 
through the interweaving of tubular cells or cell-filaments (plecten- 
chyma, Pig. .16). In such cases, where the filaments are so closely 
interwoven <as to form a compact mass of cells, the tissue thus formed 
has the same appearance as the tissues of higher plants (P"ig. 35). The 
mutual interdependence of the cells 
of such a tissue may even be 
manifested by the pits corresponding 
in position on the opposite sides 
of the walls resulting from the 
intimate union of the separate cells. 


Fl(^. 8/». — TninsA.TMo sp(!ti'>n of the scJer'i- Fr«;. 86.— LonKitiuUiial fiection of the stalk of 
thim of Clarlveps purpurea, (x 300. the fruutillcutioii of /io/cfus (x 800, 

After SoiiKNCK.) Alter Si-hknok.) 




C. The Cell Walls in the Tissues 

When sections of vegetable tissues are examined under a low 
magnification attention is attracted mainly or only by the cell-walls. 
These appear to form a network of threads something like a woven 
tissue, and the name takes its origin from this inaccurate comparison. 

1. Stratification. — All the septa arising in the course of cell- 
divisions in tissues are at first very thin and simple lamellae, common 
to the two cells the protoplasts of which th ^y separate. The cell-wall 
never remains in this condition. Even in meristematic cells it becomes 
thickened as the membrane grows in surface extent. Thickening only 
ceases long after the cell has reached its ultimate size. It varies 
according to the functions taken over by the cell as part of a 
permanent tissue, especially thick walls being found in cells which 
contribute to the mechanical rigidity of the plant (Fig. 37). As a 
rule the thickening of a partition wall is effected by the two adjoining 
protoplasts depositing new lamellae on both sides of the original thin 
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septum (Figs. 37, 38, 59). The thickening may thus be equal or 
unequal on the two sides and each protoplast comes to have its own 
surrounding layers. The common middle region of the wall is called 
the MIDDLE LAMELLA (Fig. 37 m). It is as a rule very thin, only widen- 
ing out somewhat at the angles where several walls meet (Fig. 68 
and consists mainly of pectic substances containing calcium ; it is 
relatively easily dissolved. In lignified and suberised tissues the 
middle lamella is frequently lignified. 


In soft tissues even boiling in water may swell the middle lamella and so 
separate the colls (ejj. many kinds of potatoes). In ripe fruits this se])arution 
occurs naturally. Treatment with Sohitlzic’s macerating fluid (potassium clilorate 
and nitric acid) or with concentrated solution of ammonia will separate other cells 

by destroying the middle lamella. The 
macerating fluid will thus isolate the 
elements of wood. There arc also certain 
Bacteria which ferment poetic substances 
hy means of the enzyme, pectinase, and 
thus bring about tlio separation of the 
cells; in this way tlie mechanical cells of 
Flax are isolated in the process of retting. 

The thickening layers are 
distinguishable from the middle 
lamella both by theii* optical and 
chemical properties. Since they 
usually lie equally on both sides 
of the middle lamella the whole 
wall acquires a more or less sym- 
metrical construction (Figs. 37, 
38, 39, 40, 59) which extends to 
the pitting. 

Three distinct layers can frequently 
be distinguished in strongly thickened 
cell* walks, sucli as those of the wood, a primary, a secondary, and a tertiary thickening 
layer ; these differ in their optical appearance and tlieir chemical composition. 
The secondary thickening layer is usually the most strongly developed, and forms 
the chief part of the cell-wall. 



Fig. ST.—'Strongly tliickuiied cell from llie pith 
of Clenuitia ritnlba. m, Middle lamella ; f, inter- 
cellular space; t, pit; w, pitted cell- wall in 
surface view, (x 300. After Schenck.) 


Cell-walls which do not adjoin other cells (Figs. 38, 42) and 
especially the external walls of the plant are, on the other hand, 
asymmetrically constructed. In such cases thickening layers can only 
be deposited on the side of the original cell- wall which faces the cavitv 
of the cell. 

2. Pitting, — The cell-walls which separate the protoplasts will 
evidently render difficult the passage of materials from cell to cell in 
proportion to the thickness of the wall. The life of the organism 
could not continue without such transport of material It is therefore 
necessary that this should not be too greatly hindered by the 
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thickening of the walls that ensures rigidity. The difficulty is met 
by the formation of pits in the walls between the protoplasts, while 
pits are as a rule wanting in the free external walls. 

The {)its, which in greatly thickened walls form canals with 
circular (Fig. 37 7i\) or elliptical cross-section, meet accurately, and 
would form one continuous canal were it not that the unthickened 
primary wall persists as a pit-membrane (Figs. 37 i, 38 t). 

The openings of narrow elliptical pits into adjoining cells usually appear to cross 
one another oblhpiely. 

The structure of pits may be very easily seen in the greatly thickened and 
abundantly pitted cell-walls of the seeds of various Palms (Fig. 40 ), Liliaceae 

Ornithogalum)^ and other Monocotyledons 
(Fig. 601 ). The thickening here consists of a 
hemicellulose which forms a reserve material 
in the seed, and at germination is dissolved by 
an enzyme (cytase). The walls have a gleaming, 
white appearance, and are so hard that such 
seeds, e.g. oftlie Palm, Phytelephas macrocar'pat 
are technically known and employed as vege- 
table ivory. 

3. Cell - Fusions. — Rapid transport 
of substances within the body of the 
multicellular plant is necessary, for 
instance from one organ to another, as 
from the roots to the leaves. The 
process of diffusion through the cell- 
walls, even when assisted by the presence 
of the pits, does not suffice to meet 
this need. The cavities of many cells, 
especially those which serve for rapid 
transport, therefore become continuous 
by relatively wide openings, so that they form tubular structures 
or CELL-FUSIONS (cf. pp. 59, 61, 66). Such openings arise singly or in 
numbers by a solution of the cell-wall substance, especially in the 
end walls of adjoining cells. 

4. Connections of the Protoplasts in Tissues. — The harmonious 
co-operation of all the living parts of the body, which is such a striking 
feature of the life of an organism as a whole, would hardly be possible 
if the protoplasts foming the tissues were completely divided from 
one another by the celLwalls. It can in fact be shown that the 
protoplasts of the plant are united together by extremely fine 
cytoplasmic filaments, which proceed from the boundary layer of the 
cytoplasm and are known as plasmodesms (^^). Such filaments are 
mostly confined to the pit-membrane (Fig. 39 s), but may also 
penefcrate the whole thickness of the cell-wall (Fig. 40 fl). The 
existence of these connecting filaments of living substance between 



Fio. .38. — Cells from the cortex of the 
root of Iris, t, Pits in the stratihed 
cell- wall; i, intercellular spaces, (x 
about 4U0.) 
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the protoplasts confers an organic unity on the whole body of the 
plant, serving for the conduction both of substances and of stimuli. 

5. Formation of Intercellular Spaces and the Ventilation of the 
Tissues. — Usually as the meristematic cells are transformed into 
permanent tissue and the cell-walls thicken, the middle lamella s])lits 
locally, especially at the angles of the cells. At these points the walls 


of neighbouring cells separate and 
air arise throughout the plant 
(Figs. 37, 38 i). In accordance 
with their mode of origin the 
smaller intercellular spaces arc 
triangular or quadrangular in 



Fio. 39. -—A cell from the cortex of the 
Mistletoe (Vmum album) ; the protoplast 
has been properly fixed and stained and 
the wall (m) swollen. The pit menibrunes 
(s) are traversed by connecting threads 
(plasmodesms) ; ch, chloroplasts ; 
nucleus, (x 1000. After Stkasburokr.) 


lNTEU(^ELLUr.AU SPACES filled with 



Fio. 40.— J, A swollen portion of cell-wall 
from the tmdosperni of the Vi’getablo Ivory 
Palm mai.-roairpity At s, s, 

simple ]>its filled with cytoplasm ; in the 
intervening pit membrane are fine, connect- 
ing thread.s (plasmodesms); pi, other plas- 
modesrns traversing the whole thickness of 
the wall. (X 375.) i>, The contents of two 
opposed pits and the connecting threads of 
the pit membrane. (xl500.) C’.theoiMiiiing 
of a pit and the connecting thn^ads of the 
pit membrane viewed from the surface. 
The smaller circle indicates the canal of the 
pit, while the larger circle is the })it mem- 
brane; the dark points on the latter are 
the plasmodesms. ( x 1500. After Stras- 

BIJROER.) 


transverse sections. They form a connected system of narrow, 
branched canals (intercellular system) which traverse the tissues 
in all directions. From their mode of origin by the splitting of 
cell -walls such intercellular spaces are termed schizogenous. 
Unequal growth of the tissues may lead to the complete isolation of 
cells or the formation of larger chambers or passages of more or less 
regular form. Intercellular spaces can also arise by the dissolution 
or breaking down of cells and are then termed lysigenous and 
RHEXIGENOUS respectively. Sometimes spaces, that are in their origin 
schizogenous, are further enlarged rhexigenously or lysigenously. 
Whole regions of the tissue may be stretched and broken down 
by unequed growth. Hollow stems arise rhexigenously. In tissues 
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which have arisen by a weaving together of filaments (Fig. 3G) 
the intercellular spaces are present from the outset. 

Intercellular spaces usually contain air and are of great importance 
for the living cells forming the tissues. A single cell in water or air 
can obtain at any time the gases, especially oxygen, which are essential 
to its life from the surrounding medium. The life of the numerous 
protoplasts in the tissues of a plant requires a supply of oxygen. 
This introduction and circulation of gases in the tissues is carried out 
by the system of intercellular spaces. 

II. KINDS OF CELLS, TISSUES, AND TISSUE-SYSTEMS 

Only in the lower multicellular plants does the tissue consist of 
equivalent, spherical, polyhedral, and cylindrical cells (cf. e.g. Fig. 81), 
whi(*.h are similarly able to perform all the vital functions. I’his 
tissue may ])C termed PARENCHYMA. As the division of labour 
between the protoplasts increases, with increase in size and progi’essive 
external organisation, cells or groups of cells acquire diversity in 
form, structure, and function. There results in the higher plants a 
segregation of the originally uniform cells into variously constructed 
kinds of cells, connected, it is true, by intermediate forms. Com- 
parative study of the various organs of a ])lant, and of all the higher 
plants, shows that the number of these kinds of cell is limited, and 
that DEFINITE FORMS OF CELLS RECUR IN THEM ALL. 

Similar cells are usually associated in groups which constitute a 
KIND OF TISSUE. These are distinguished by the form, contents, and 
the walls of their constituent cellular elements, and each kind of 
tissue has its special function or functions. More highly organised 
plants are composed of a number of kinds of tissue, but, as in the 
case of kinds of cells, this number is small, since they recur in the 
most diverse plants. It is not uncommon for single cells (idioblasts) 
or cell groups of a different structure and content to be found in an 
otherwise uniform type of tissue. 

In the higher plants particular kinds of tissue may occur in 
considerable amount and extend in unbroken connection for a distance 
or through the whole plant body. These may often include several 
associated kinds of tissue and constitute morphological tissue 
SYSTEMS. Such compound associations of tissues may be characterised 
structurally and have different main functions. 

In a PHYSIOLOGICAL TISSUE-SYSTEM are grouped together all cells that agree in 
their main functions, irrespectively of their morphological connection or of their 
ontogenetic origin. Such physiological systems are thus something quite different 
from morphological tissue-systems. 

The tissue-systems of the more highly organised plants can be 
divided into two main groups: (1) the meristematic or formative 
tissues ; (2) the mature or permanent tissues. 
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A. The Formative Tissues 

These are also termed meristems and consist either of relatively 
small cubical or isodiametric cells, or of prismatic, flattened, or elongated 
cells with thin walls, abundant protoplasm, large nuclei, and few and 
small vacuoles (cf. Fig. 2). The numerous cell-divisions that occur in 
their cells is characteristic. These formative tissues, from which the 
permanent tissues are developed, are distinguished according to the 
place and mode of their origin into primary and seconi>ary 
MERISTEMS. 

1. Primary Meristems (^^). — These arise by the division of the 
germ-cell and at first compose the whole embryo. Later they become 
localised at the growing points of the branches and roots (Figs. 98, 
150), where the increase in number of meristematic cells takes place 
(apical growth). 

A short distance behind the growing point the similar cells of the 
primary meristem begin to grow diflerently and give rise to strands 
and layers of variously shaped formative cells, which at first retain 
the general characters of meristematic cells (Figs. 9G, 98, 150). 
Intercellular spaces, absent in the meristem itself, now arise. At a 
somewhat greater distance from the growing point the characters of 
the various permanent tissues make their appearance and become 
more marked basipetally until the mature structure is attained. * In 
developing from the meristem the cells of the permanent tissue 
enlarge, separate at places from one another, undergo thickening and 
chemical alterations of their walls, modify or lose their cell contents, 
and sometimes fuse by dissolution of the partition walls. In enlarging 
or elongating the cells may behave independently (Fig. 167), so that 
the ends of some which elongate greatly push past, or in between, other 
cells (sliding growth) (^^). 

In this process of tissue-differentiation groups, strands, or layers of 
cells may retain the meristematic characters and serve as places of origin 
later for a renewed formation of meristematic and mature tissues. 
Their power of division may persist throughout the life of the plant. 

In many Monocotyledons the basal regions of the internodes remain 
for a long time meristematic, and serve, in addition to the growing 
point, as places of production of permanent tissue. In this way the 
intercalary growth of these and other plants is brought about, 

2. Secondary Meristems are derived either from the above- 
mentioned inactive remains of the primary meristem or are newly 
formed from cells of the permanent tissue, which alter their function 
and by new cell-divisions are transformed into meristematic ceils. 
Their elements resemble those of the primary meristems, but as a rule • 
have the form of elongated or flattened prisms (Fig. 162). Such 
secondary meristems, which get the name cambium, give origin to 
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cork and to the secondary growth in thickness of woody plants. 
They form a tliin layer of prismatic meristematic colls (Figs. 160, 166) 
parallel to the surface of the organ at the outside of the cylinder of 
wood. In the cambium a middle layer of initial cells undergoes 
continued tangential divisions which cut off daughter-cells to both 
the inside and outside in the radial direction. These cells after 
some further divisions are transformed into cells of the permanent 
tissues. 

The new cell-walls arising in the cell-divisions of a nieristeni are flat and as a 
rule, though not without exception, placed at right angles to the pre-existing 
older walls. Walls more or less parallel to the surface of the organ are termed 
CKRICLINAL, and those at right angles to this anticlinal. 


B. The Permanent Tissues 

The cells of the permanent tissues differ from the meristematic 
cells in being as a rule larger, with relatively little protoplasm and 
large vacuoles, and sometimes completely dead. Cell-divisions are 
not usually taking place in them, and the cell-walls are variously 
thickened and often chemically altered. The permanent tissue is 
composed of a variety of kinds of cells and tissues with diverse 
functions. It is usually provided with intercellular spaces. 

The permanent tissues may be classified in various ways. Thus 
according to their origin primary and secondary permanent tissues 
may be distinguished arising from the corresponding meristems. 

A morphologically useful division of the permanent tissues is 
obtained when all the differences of the component cells are taken 
into consideration together. 

On examining the tissues of the higher plants comparatively there 
is found in the first place a tissue which, like that composing the 
lowest multicellular plants (cf. p. 43), consists of cells with living contents 
and thin cellulose walls, and is capable of performing a diversity of 
functions ; this will be termed parenchyma. Other tissues may 
be sharply distinguished from this parenchyma by peculiarities of 
structure and special functions. The most striking tissues in the light 
of their main functions are the boundary tissue, the mechanical 
TISSUE, and the conducting tissue. The parenchymatous system, 
the EPIDERMAL SYSTEM, the MECHANICAL SYSTEM, and the CONDUCTING 
SYSTEM correspond on the whole to tlicie tissues. In addition the 
SECRETORY TISSUE and GLANDULAR TISSUE may be. recognised. 

The permanent tissues are frequently divided into epidermis, vascular bundles, 
and ground tissue. 

It was formerly usual to take the dimensions of the cells into special considera- 
tion, and on this ground paeknohyma and prosenchyma were distinguished. By 
parenchyma was understood a tissue the cells of which were isodiametrlc or, if 
elongated in one direction, were separated by transverse walls. Prosenchyma was a 
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tissue the elongated cells of which were spindle-shaped and pointed at both ends. 
These two groups do not, however, sullice to give a survey of the variety of kinds 
of tissues, and the underlying conceptions are out of date. 

1. Parenchyma. Parenchymatous System. — The parenchyma 
cell is characteristic of this type of tissue. It may he isodiametric 
or elongated and of various shaf)es, and possesses the following further 
characters (cf. Figs. 3 B, 38, 39). The cell- wall, which as a rule 
consists of cellulose, is only moderately thickened ami provided 
with simple round or elliptical pits; it thus facilitates the diffusion of 
substances from cell to cell. Living protoplasm is usually present, 
and the large A^acuole may contain a considerable amount of nutritive 
material. The chroinatophores, which have the form of chloroplasts 
or leucoplasts, often contain starch. Parenchyma is usually traversed 
by a ventilating system of intercellular spaces. Parenchyma may 
form part of other primary or secondary tissues and serves a 
variety of functions. The most important vital processes of the 
full-grown plant take place in it, such as the preparation, conduction, 
and storage of nutritive materials, water storage, and the ])rocess 
of respiration. The presence of abundant cell sap contributes to the 
maintenance of the general rigidity of the plant body. The structural 
differences between parenchyma cells are relatively slight when the 
multiplicity of functions they perform are considered. When the 
cells have numerous chloroplasts they are spoken of as asstmilatory 
PARENCHYMA (Fig. 8) in reference to their main function of forming 
organic substance from carbon - dioxide. The parenchyma of the 
subaerial parts of plants is often of this nature so far in as light can 
penetrate, while the deeper tissues are colourless. The term storage 
TISSUE is applied when these cells arc rich in organic contents such 
as sugar, starch, fatty oils or proteids, or have hemicolluloses 
accumulated in the thickened walls ; these substances are stored 
against future use in the metabolism (Figs. 22, 23, 600). Water- 
STORAGB PARENCHYMA as a rule consists of large thin-walled cells with 
little protoplasm but abundant cell-sap that is somewhat mucilaginous; 
these cells diminish in size on losing water. Conduction of organic 
food-materials, especially of carbohydrates, takes place in parenchy- 
matous cells, which are elongated in the main direction of transport 
to facilitate this function. Such conducting parenchyma often 
forms a sheath, without intercellular spaces, around other masses of 
tissue. Parenchyma which has large intercellular spaces, serving for 
ventilation or the storage of gases, is termed aerenchyma. 

2. Boundary Tissues. — In the case of the multicellular tissues 
composing the bodies of land-plants the whole body or particular 
tissues may require protection against excessive loss of water, 
mechanical injury, excessive heat (^^), and frequently against the loss 
of diffusible substances. This function is carried out by cells which 
have certain peculiarities of structure and are often arranged in 
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sheathing layers. In this way another group of tissues can be 
distinguished, the main elements of which are the epidermal cells 
and the suberised or cork cklls. The epidermis together with some 
other types of cell form the epidermal system. 

(a) Epidermal System. 1. Kptdkkmis. — This is derived from the 
superficial layer of the primary meristem (the dermatogeii, cf. p. 82) 
and is thus one of the jndmary permanent tissues. It encloses the 
plant-body as a protective investment while permitting exchange 
of materials with the environment. The epidermis is typically a 
single layer (Fig. 43 /?) of tabular or more elongated living cells, 
without intercellular spaces between them. The lateral walls are often 
undulated or toothed, (Fig. 41) which increases the firmness of the union 
of the cells. In transverse section the cells are of uniform depth and 
are rectangular or lens-shaped. The protoplasts of the epidermal cells 
arc commonly reduced to thin layers 
lining the walls and enclosing large 
vacuoles filled with colourless or 
coloured cell-sap. The epidermis of 
the jmrts exposed to light in most 
Ferns and in many shade - loving 
Phaiierogams is provided Avith chloro- 
phyll and takes part in assimilation. 

More usually chlorophyll is absent 
from the epidermis. 

The outer Avails of the epidermal 
cells of all subaerial parts of the 
plant, which last for a considerable 
time, are thickened. In this respect 
they contrast with the epidermal cells of the more fugitive petals 
and of submerged and subterranean parts. This holds especially 
for roots in Avhich the epidermis has very different functions, such as 
the absorption of water and salts. The thickening of the outer walls 
results from the apposition of cellulose layers, the outer of which 
usually, but not always, become more or less strongly cutinised 
(Fig. 183). 

The outer walls of the epidermal cells, whether thickened or not, 
except in the case of those forming the surface of subterranean organs 
and especially roots, are covered by a thin continuous cutinised film called 
the CUTICLE. This is formed on the prima y walls of the epidermal 
cells. The cuticle is often somewhat folded and in surface view appears 
striated. The cuticle and the cutinised layers of the wall are only with 
difficulty permeable to water and gases, and prevent the injurious loss of 
water by evaporation. The thickening also increases the mechanical 
rigidity of the epidermal cells. On the other hand, the absence of 
cuticle from the root facilitates the absorption of water and salts from 
the soil 



Fio. 41.-— Snrfrico view of tlie epidermis 
from the upper .side of a leaf of Mer- 
curiitlis jWf’fiu/.s’. (x After H. 

SrHF.N(’K.) 
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Deposits of WAX are also present in the ciitinised layers of the 
epidermis aiid render it even less permeable by water (^'^). Consequently 
water will flow off the epidermis without wetting it. The wax is 
sometimes spread over the surface of the cuticle as a wax covering. 
This is the case in such fruits as plums and grapes, on which it 
forms the so-called bloom. The wax coverings may consist of grains, 
small rods (Fig. 42), or crusts. 

The wa.Y of plants is soluble iii ether or in hot alcohol. Like the suberins and 
cutins it consists of fatty acid esters of glycerine mixed with free fatty acids and 
esters of fatty acids of other alcohols. 

The epidermis may not only protect the more internal tissues from loss of water 
by hindering evaporation, but also by serving as a place of storage of water. The 



Fig. 4‘J. — TrauHverse section of a node of tlie sugai 'C4iiie, Snccharum qfficinanim, showing 
w'ax incrustation in the form of small rods, (x 540. After Strashokokr.) 

unthickened lateral walls of these cells become folded as the water is withdrawn 
from the cavity and stretch when the cell becomes again filled. Such an epidermis 
is frequently also composed of several layers of cells. 

The mechanical strength of the outer walls of epidermal cells is increased in 
some plants by the deposition of calcium carbonate or of silicic acid. In the case 
of Equinetum the silicification is so great that the tissues are used in polishing 
tin-ware. 

The epidermis of fruits, and particularly of seeds, exhibits a considerable variety 
of modifications in its mode of thickening and in the relations the thickening 
layers bear to one another. In addition to protecting and enclosing the internal 
parts, the epidermis has often to provide for the dissemination and permanent 
lodgment of the fruits and seeds. (^*) 

2. Stomatal Apparatus — The presence of stomata in the 

epidermis is characteristic of most parts of the more highly organised 
plants that are exposed to the air. Each stoma is an intercellular 
passage or pore bounded by a pair of curved, elliptical or half-moon- 
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shaped colls called GUARD cklls. The pore and guard cells together 
constitute the STOMA or STOMATAL APPARATUS (Figs. 43 44). The 

largest stomata are found in grasses ; thus in the wheat they measure 



Fic. 48 — Epiflennis from theimdtr si<le of a leaf ot J rath scant fa tirgimto J, In surface view 
Jiy in Iraiisveise section , /, eoloiiiless ludimeiits of chiomatophores sniioun(lin„^ tlie nutleus 
( X 240 After Strasburc.i r ) 

0‘079 mm. in length 0 039 ram. jn breadth, while the pore itself 
is 0 038 mm. by 0 007 mm. Stomata never occur m the epidermis of 
the root. 

The PORK interrupts the continuity of the epidermis. It is an 
air filled intercellular space opening below the epidermis into a large 
intercellular space (Fig. 43 B)^ which is spoken of as the respiratory 
cavity although it has 
nothing to do with respira- 
tion. This cavity is in 
communication with the 
intercellular spaces of the 
parenchyma. The stomata 
are of great importance to 
the plant, for they place 
the system of intercellular 
spaces, which serves to 
ventilate the tissues, in 
communication with the 
external atmosphere. This 
connection is necessary on 
account of the difficulty 
with which gases pass 
across the epidermis in order to renew the air in the intercellular 
spaces, and especially to replace the carbon-dioxide as this is used up. 
On the other hand, oxygen, which forms a considerable proportion of 
the air, can usually penetrate into the plant in sufficient quantity 
through the cuticle and the epidermal cells. 

K 



Fjg 44.— Epidormia with stomata from the lower surface 
of the leaf of Hellttorvs niger, (x 120. After Stras- 

JBURC.KR.) 
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The GUARD CELLS always contain chlorophyll and are character- 
ised both by their shape and the manner in which their walls are 
thickened. This is best shown in transverse sections (Figs. 43 
45 B). There are usually an upper and a lower thickened band 
on the side of the guard cell which faces the pore, the portion 
of the wall ])etween and the rest of the wall of the guard cell being 
relatively thin (Fig. 43 B). This structure stands in relation to the 
changes in form of the guard cells by means of which the size of the 
pore is varied. The pore is closed by a diminution of the curvature 
of the guard cells when there is danger of too great escape of 
moisture ; while it is widely opened by increase in the volume of 
the guard cells, and consequently of their curvature, at other 
times. The stomata regulate the gaseous exchange and the trans- 
piration. 

As llie transverse section in Fig. 43 B shows, the thickening ridges ]iroject both 
above and below the pore. There is thus an anterior chamber and a posterior 
chamber in relation to the narrow region of the actual passage. The thickened 
outer walls of the epidermal cells immediately adjoining the guard cells often 
have a thinner jjortion, which acts as a kind of hinge and enables the changes 
in shape of the guard cells to be effected without hindrance from the surrounding 
cells (cf. Fig. 46 B). The guard cells, as is seen in Fig. 43 are often surrounded 
by special cells called sujksidiaky ckli^s ; these may he less thickened or shallower 
than the other epidermal cells. 

Dilfereuces are found in the construction of the guard cells and in the 
mechanism of opening and closure of the stoma which depends upon tJiis. Two main 
types of stoma may be distinguished, but they are connected by intermediate 
forms. In the first the change in form of the guard cells takes place mainly in 
the tangential direction, parallel to the epidennal surface j in the second in tlie 
radial direction at right angles to the surface. Type I. — According to the form of 
the guard cells the pore is opened in various ways. {a) The type of the 
Amaryllidaceae (Fig. 45) is found in the majority of Monocotyledons and 
Dicotyledons. The dorsal wall of each guard cell (Fig. 45 is unthickened, while 
the ventral wall (towards the pore) is thickened and usually shows the uj)j>er and 
lower thickening bands. When the cell becomes turgid the thin dorsal wall is 
more stretched than the thickened wall, and the cell, which in the flaccid 
condition was almost straight, becomes curved in the tangential plane to a 
semilunar shape, (h) The type of the Gramineae (Fig. 46) is met with in the 
Gramincae and Cyperaceae. The guard cells are dumb-bell-shaped ; the widened 
ends being thin- walled, while the narrower middle region has both the outer and 
inner walls strongly thickened (Fig. 46 B). When the turgor increases the stiff 
middle portions of the guard cells are separated from one another by the expansion 
of the oval thin-\^ ailed ends of the cells. TvrE II. — Jlfmwm-type (Fig. 47) is 
found in some Mosses and Ferns. In this the ventral walls of the guard cells 
are thin while the dorsal walls are thickened. Wiien the turgor of the guard cell 
increases, the outer and inner walls are separated from one another, thus lessening 
the projection inwards of the ventral wall and opening the pore. The position 
of the dorsal wall remains unchanged. A transition between Types I. and II. is 
afforded by the stomatal apparatus of HelUhorva (cf. Fig. 236) in which the guard 
cells become semilunar on stretching of the thin dorsal wall, wliile at the same time 
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the thickened outer and inner walls are sejiarated. The somewhat diderent Conifer- 
type may be mentioned along with this. 

The stomata are often formed by the division of a young epidermal cell into two 
cells of unequal size, one of which, the smaller and more abundantly supplied with 
protoplasm, becomes the stoma-mother-cell ; while the larger, containing less 
j>rotoplasm, usually forms an ordinary epidermal cell. The storaa-niother-ccll 


becomes elliptical in outline and 
divides again, by a vertical wall, 
into the two guard cells, between 
which, by a splitting of the 
wall, the intercellular passage 
(pore) is formed. In cases 
where the stomatal ap])aratus 
has several subsidiary cells either 
a number of divisions occur in 
the young epidermal cell before 
the guard cells arise ; or the 
.subsidiary colls are derived from 
ejudermal cells adjoining that 
which gives rise to the .stoma. 

3. Hairs. — The epider- 
mis of almost all plants bears 
hairs (trichomes). They are 



sometimes unicellular struc- “is. fk;. 46. 


tures and form papillate 
(Fig. 48), tubular (Fig. 151), 
or pointed (Figs. 49, 50, 53 
to the loft) protrusions of 
the epidermal cells. In 
other cases they are multi- 
cellular and form cell- rows, 
stalked or unstalked cell- 
surfaces (scale-hairs, Fig. 52) 
which may resemble small 
leaves as in the ramenta of 



Fjo. 47. 


Flos. 4.5-47.— Types of Stomatal Apparatus. The thick 
lines indicate tlic fonri of the guard cells iu tlie open 
condition, the thin lines when the stoma is closed. 


Ferns, or cell-masses. The 
multicellular trichomes are 
also developed from young 
epidermal cells, and, indeed, 
usually proceed from a 


Pio. 45.— Type of the Amaryllidaceae. A, Surface view. 
li. In transverse section. 

Fir.. 46.— Type of the Gramineao with the two subsidiary 
cells. A, Surface view. li, I’ransverse section. 

47. — Jlfwittm-type in transverse section. (After 
IlABEKLANDT.) Further descripbioTi in the text. 


single initial cell of the hair by its gTowtli and subdivision. 


Unicellular and multicellular hairs may further be unbranched 


or branched (Fig. 51, stellate hairs). Their walls may be thin 
and delicate or strongly thickened and frequently calcified or 
impregnated with silica, and sharply pointed at the tip (bristles, Fig. 


49, right). The protoplasts may remain alive and resemble those of 
the epidermal cells, or may die. In the latter case the cavity often 
becomes filled with air and the hair appears white, or it may be 
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laterally compressed as in the case of the long hairs of the cotton-seed 
(Fig. 50) from which the cotton of commerce is obtained. The basal 
portion of tbe hair in the epidermis may be distinguished from the 
freely projecting body of the hair. The epidermal cells around the 
base are often arranged in a ring or radiate on all sides, and may bo 
called the subsidiary cells of the hair. The stingino hairs (Fig. 49), 


such as those of Nettles (l/rhca) and of 
the Loasaceae, are special forms of bristles. 

They arise from single e]>idernial cells which 
swell in the course of their development, and 
becoming surrounded by adjoining epidermal cells 
present the appearance of being set in sockets ; 
at the same time, by the multiplication of 
the cells in the tissue at their base, the whole 
hair becomes elevated on a column - like pro- 
tuberance. The hair ta2)ers towards the a]>ex ami 
terminates, somewhat obliquely, in a small head, 
just below which the wall of the hair remains 
unthickeried. As the wall of the hair is silicified 
at the end and calcified for the rest of its length, 
the whole liair is extremely stitf. The heads 
break otf at the slightest touch, and the hairs 
piercing the skin pour out their poisonous 
contents, whicli, especially in the case of some 
tropical nettles, may cause severe inflammation (■*^). 

Hiiirs have thus various forms and 
perform very different functions. They 




Fio. 48.— Surface of the upper epidernus of a petal Fig. 49. —Stinging hair of Urtim 


of Fiola trimlor, showing ridge-like infoldings dioica, with a portion of the epi- 

of the lateral walls, and protruding papillae. dermis, and, to the right, a small 

(X 260. After H. Schekck.) briatle. (x 60. After Htrasbvbg sit.) 


frequently contribute to the protection afforded by the epidermis, 
forming a covering to full-grown parts of the plant and very 
frequently to the young parts in the bud or expanding from this. 
Such coverings, which may be composed of dead woolly hairs, serve 
to diminish the transpiration and are a protection against direct 
sunlight. Special hairs serve for the absorption of water and other 
substances (cf. Fig. 161). Very diverse substances are excreted by 
glandular hairs (Figs. 72-74). 
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C(Ttain hairs with abundant protoplasm and peculiar structure serve to receive 
mechanical stimuli according to G. Hahkiiland'!’ (**-), They occur on stamens, 
petals, and the joints of leaves, and arc known as tactile })apillae, hairs, or bristles. 

4. Kmergen(.:ks, unlike hairs, are not formed solely by epidermal 
cells, but a number of cells, lying more or less deeply in the sub- 
epidermal tissues, also take part in their formation. They are some- 
times glandular, and in other cases serve as organs of attachment. 

Thus, for example, only a few rows of sub -epidermal cells enter into the 
formation of the emergeiices {Fig. 53) on the margins of the stipules of the Pansy 
(Viola tricolor)^ which are glandular. Deeper-lying tissue takes part in the 

construction of the anchor-shaped 
attaching organs, over 1 mm. long, 
which clothe the fruit of the Hounds- 
toiigue (Gynoglossum) and lead to its 
dispersal by means of animals. The 
prickles of the Rose or Bramble are 
still larger emergences that are of 
assistance in climbing. The tentacles 
of Drosera (Fig. 208) are also emer- 
gences. 

(b) Boundary Tissue 
formed of Corky Cells. — When 
the e})idermi8 does not remain 
alive and functional 
the life of the organ 


Fio. 60 -—Seed -hairs of the Cotton, Gonsyphim hn* 
bacewn. Part ol «eod-cotit ^Mtli liaus (x 8). 

Bj, Insertion and lower p-irt, middle part, and Fi< .61,— Stellate hair in surface view from the 
Bs, iippei imrt, of a hail (x'dOO After Stras- lower epidermis of the loaf of Matthiola 
burger) annua, (x 90. After Strasbvroer.) 

it covers, the tissues of the body become limited and protected even 
tnore efficiently by suberised cells Such cells also in the form of 
layers or sheaths servo to bound and delimit certain living masses of 
. tissue from others within the plant body. Their origin may be primary 
Of secondary. The suberisation is brought about by suberised lamellae 



during 

which 
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being deposited on the pre-existing wall forming secondary thickening 
layers, while succeeding layers of the wall remain unsuberised and fre- 

ouentlv become liifnified. Three 



Fkj. 52.— Scale-liair from the lower side of the leaf of ShephenUa mniulensis. A, Surface view, 
ii, Longitudinal section, (x 2*10. After Stkas nr huku.) 


(1) The Cutis Tissue is a primary })ermaiient tissue and arises by the early 
suberisation uf cells of the epidermis or of tliiuner or thicker layias of parenchyma 



Fio. 63.— Glandular emergence from astitmleof 
Viola tricolor, showing also to the left a uni* 
cellular hair, (x 240. After SriubBUKOER.) 


from which iiitorcelliilar spaces are 
frequently absent. A tissue of the 
latter kind not uiicommonl}’ sheathes 
the outside of older parts of the plant 
{e.ff. roots, PTg. 1513 r^‘) the epidermis of 
which has perished earlier. The cells 
of this cutis tissue usually retain their 
living contents. 

(2) Endodermis. — This tissue is 
formed of the endodermal cells (*®). It 
very frequently encloses and bounds, as 
a sheath a single layer of cells in 
thickness, living tissues within the 
plant. Its origin is usually ])iimaiy. 
The elongated prismatic living cells of 
the endodermis have no intercellular 
spaces between them. When young the 
walls are not suberised, but a narrow 
strip of the membrane, in the form of a 
band running completely round the 
cell, has undergone a peculiar change 
hy the introduction of an imperfectly 
known (? corky or woody) substance 
(Caspary's band, Fig. 54 A). Tiiis band 


gives the appearance of a dark dot or a dark lens-shaped body (Fig. 54 Fig. 154 S) 
in transverse sections, while it appears as an undulated band in radial longitudinal 


section. In older endodermal cells, as in the cells of the cutis, a secondary layer of 
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corky substance is deposited all over tlie wall, and thick tertiary layers of carbo- 
hydrate material that often become strongly lignitied may follow on this. 

(3) Cork. — While the eiulodennis and the cutis tissue are always 
primary permanent tissues the cork is always a secondary tissue, and 
IS developed from a secondary rneristem known as the CORK CAMBIUM*. 
The cork forms either a thin peripheral layer a number of cells thick 
which is smooth and of a grey colour, or thicker, fissured coverings of 
cork composed of radial rows of cells (Figs. 55, 56). ft forms where 
the epidermis has been thrown off, or where living parenchyma has been 
exposed by wounds. The cork-cells usually contain air and are brown, 
owing to the dead cell contents. They have a flattened prismatic form 
and are extended tangentially (Fig. 56 A), fitting together without 
intercellular spaces. The secondary layers of the wall are suberised, 
while the middle 
lamella is often lig- 
nified. Tertiary ^ 
thickening layers 
are either wanting 
or consist of cellu- 
lose, forming the 
so - called cellulose 
layer, which may 
sometimes become 
lignified. Even a 
thin layer of cork 
a few cells deep (Fig, 56) greatly diminishes the transpiration from 
the surface of any part of the plant, and, as will readily be 
understood, mucli more than the epidermis does. Thicker zones 
of cork also prevent the entry of parasites. Since cork is a poor 
conductor of heat it also protects the plant against overheating. 

Many old stems, tubers, bud scales, and fruits are covered with a layer of cork ; 
thus the skin of a potato is of this nature. Bottle-cork is obtained from the Cork 
Oak. The cork here consists of broad layers of thin-walled, wide cork-cells (Fig. 55) 
alternating with which are thinner layers of more flattened cork-cells which mark 
the annual limits of growth ; this can be recognised in an ordinary cork. The first 
layer of cork of the Cork Oak is artificially stripped down to the cork-camhiura after 
fifteen years. A new cambium then forms a few cells deeper, which provides the cork 
of economic value ; this is removed every 6 to 8 years. 

The mature cells of cork are very rarely pitted, and either remain relatively 
thin or are more or less strongly thickened (Figs. 5(5, 178 p), ’Strongly thickened 
cork cells form what is known as sroNic cork. 

Frcijuently layers of suberised and unauberised cells alternate in a corky tissue. 
The latter cells, which do not differ greatly from the cork-cells in structure and 
contents and may be thin- or thick- walled, arise in the same way add are called 
l*HBLLOID TISSUE. 

LENTicifiLS. — The formation of a covering of cork without inter- 
cellular spaces in place of the epidermis would prevent gaseous 
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Fig. 64. — -4, Diagrammatic, represonta- 
tion of a single (‘mlodertnal cell in 
tlm solid, showing Caspai y^s band on 
the radial walls. Endodermis in 
tiaiis verse section ; Caspary*a twind 
appears as the dark lenticular regions 
of the radial walls. 
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exchange between the interior of the stem and the atmosphere were 
the stomata not replaced in some w^ay. 
This is effected by the development of 
lenticels, rough porous warts elongated or 
spindle-shaped in outline, which are readily 
seen by the naked eye on the cork of most 
trees. They consist of dead unsuberised 
tissue rich in intercellular spaces (comple- 
mentary tissue) interrupting the layer of 
cork (Fig. 57). The intercellular spaces open 
on the one hand to the atmosphere, and on the 
other are in communication with the ventilat- 
ing system of the underlying living tissues. 



Fio. 5.0. — Transverse section of 
bottle-coi'k. ( X 120.) 


In bottle-cork the lenticels form the pores, filled with a brown powder derived 
from the dead cells. These pores run radially through the cork. 

The lenticels frequently form beneath stomaUi and at an early stage in the 
development of the cork. The cork cambium which appears beneath the stoma has 
radially -running intercellular spaces between its cells (Fig. 57 ‘pl\ and forms to the 
outside complementary cells separated by intercellular spaces (Fig. 67 1). The 
lenticel soon breaks through the epidermis. Alternating with the complementary 

tissue the cork cambium in the lenticels 
forms layers of inore closely-eonncctcd 
suberised and lignified cells (intermediate 
bauds or closing layers). These are devel- 
oped to close the lenticel during the winter 
and are again ruptured in the spring. 


A 

Fio. 56.— /4, Tangential section; il, Transverse .section of the cork layer of a Lime twig. 
Tlie cell-walls in B are left white, while the dead contents are dotted, (x 120.) 




The BABK, composed of a more complicated set of tissues than the 
cork, forms a covering on old stems and roots (cf. p. 154). 

A 3. The Mechanical Tissue System ('**). — Without a certain amount 
of rigidity the definite form which is essential to the performance of 
their functions in most plants would be inconceivable. In isolated 
cells and in growing tissues this rigidity is attained by turgor (cf. p. 2 1 9) 
and tissue-tensions (cf. p. 277). Since, however, turgor and tissue- 
tensions are destroyed by any great loss of water, leading to the 
wilting of the plant, they do not alone confer the necessary rigidity upon 
plants and in particular, land-plants. How great are the demands made 
upon the stability of plants will be at once apparent from a consider- 
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a-tioii of a Rye haulm which has a height of 1500 mm., and is at its 
base scarcely 3 mm. in diameter. In addition, moreover, to the great 
disproportion between the height and diameter of plants, they often 
support a heavy weight at the summit ; the Rye straw must sustain 
the burden of its ear of grain, the slender Palm the heavy and wind- 
swayed leaves (which in species of liaphia have a length of 15 m. and 
a corresponding breadth), while at times the weight of the bunches of 
fruit has also to be considered. In plants, however, the rigid 
immobility of a building is not required, and they possess instead a 
wonderful degree of klasticity. The Rye straw bends before the 
wind, but only to return to its original position when the force of the 



Fi(i. 57. — Transverse section of a lenticel of Samlmcus niffra. e, Epidermis ; ph, phellogen ; 
complementary cells ; pi, phellogen of the lenticel ; pd, phelloderm. ( x DO. After Strasbukcier.) 


wind has been expended. The mechanical equipment of plants is 
peculiar to themselves, but perfectly adapted to their needs. The 
firm but at the same time elastic material which plants produce is put 
to the most varied uses by mankind ; the wood forms an easily 
worked yet sufficiently durable building material, and the bast fibres 
are used in the manufacture of thread and cordage and textile fabrics 
{e,g, linen). 

This type of stability depends on spet’al tissues, known .^s the 
STKREOMB, composed of cells with strongly thickened walls. "These 
tissues are the sclerknchyma and collenchyma. 

(a) Selerenchyma. — This is the typical mechanical tissue of fully- 
grown parts of the plant and is formed of sclerenchyma cells 
(stone cells) or sclerenchyma fibres (bast fibres). Both when 
mature are as a rule dead cells with strongly thickened walls consisting 
of lamellae of carbohydrate material, which is often lignified. The 
selerenchymatQus cells or stone cells (Fig. 29) are more or less 
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isodiametric and polyhedral and have round, branched, or unbranched 
pits. The sclerenchymatous fibres (Fig. 58), on the other hand, are 
narrow, elongated, spindle-shaped cells with pointed ends, polygonal 
in transverse section (Fig. 59). They have obliquely-placed, narrow, 
elliptical pits. Their cell walls may be almost comjdetely unlignified 
{e,g. flax) or more or less lignified [e,g. hemp). In their development 
sliding growth frequently occurs and they only 
mature in fully - grown parts of the plant. 
Sclerenchymatous fibres have always a length 
which for a plant cell is considerable, on the average 
1-2 mrn. In some plants they are much longer, e.g. 
20-40 mm. in Flax, to 77 inm. in the Stinging 
Nettle, and in Boehmma even 220 mm. Such long 
fibres are of economic importance in the manufacture 
of textile fabrics. 

Sclerenchymatous cells and fibres may occur 
singly as in some leaves, when they may also be 
branched. Usuall}?^, especially in the case of the 
fibres, they are closely associated in strands, bands, 
rings, or sheaths, variously arranged so as to ensure 
the requisite rigidity of the organ against bending, 
tension, or pressure while employing the least 
mechanical tissue. Rigidity against compression 
as it is met with in the shells of nuts and the stones 
of some fruits is usually dependent on a tissue 
composed of stone-cells. The rigidity of stems and 
roots against bending and pulling is due to 
sclerenchyma fibres. Both types of mechanical 
tissue render the organs in which they occur 
resistant to cutting or other mechanical injury. 

The firmness of the individual cells depends 
Fig. 68.— A sciei eii- on the thickening of their cell- walls. The resistance 
chymatouH fibre, (x tearing offered by the strands of sclerenchymatous 
strasburoer.) tissue IS due on the other hand to the interlocking 
of the elongated fibres. 

According to Schwendenkr’s investigations, the sustaining strength of 
sclerenchymatous fibres is, within the limits of their elasticity, in general 
equal to the best wrought iron or hammered steel, while at the same time 
their extensibility is ten or fifteen times as great as that of wroughtdrou. It is true 
that soon after exceeding its' limit of elasticity the stereome of the plant becomes 
ruptured, while the limit of rigidity for iron is not reached until the load is 
increased threefold. 

(k) CoUenchyma.— The elements of the sclerenchyma are no longer in a 
condition which allows of growth, and it cannot be employed in parts of the plant 
which are still actively elongating. Where such parts of the plant require special 
strengthening in addition to that given by the tensions of cells and tissues, this is 
obtained by means of collekchvma, which is a living tissue, capable of growth 
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The colleiichyniatous cells may he isodiametric but are usually elou^^ated ; they 
have transverse end walls (Fig. 61 ) or arc ])ointed. They resemble the cells of the 
parenchyma, and, like them, often contain chloroplasts, but diller in the unequal 
thickening of their cellulose walls. TJiis is localised at the angles (angle 
collenchynia, Fig. 60 ) or on the tangential walls (surface collenchyma). Intercellular 
spaces are absent or are very small. Collenchyma possesses a considerable rigidity 


against tearing owing to the thickening of the walls 
of its cou4)onent elements. The extensive unthickened 
regions of the cell-walls enable materials to be rapidly 
transported within this tissue. The distribution of 
colh'uchyma in the plant corresponds to its particular 
mechanical properties. ^ 

4. The Conducting Tissues. — As the body 
of a plant becomes larger and composed of more 
numerous cells, and especially as more parts 
of it project from the soil or water into the 
air, the need of rapid conduction of substances 
from one organ to another (e.g, from leaves 




of the Kclereiichyum in Fm. 60. -Transverse section of the Fig. 61.— A collenchyma- 
tho leaf of Phormiuvi collencliyma of Cucurbita tons cell seen from the 

U}wx. (X 240.) (X 240.) side, (x 240.) 


to roots and conversely) increases. The movement of diffusion through 
the cross walls even of elongated parenchymatous cells does not suffice, 
though facilitated by the presence of pits in the wall. Special 
conducting tissues have therefore aris.n, the characteristically 
constructed elements of which are usually elongated in the main 
direction of conduction, frequently present enlarged surfaces for 
diffusion, and are further as a rule united to form continuous 
conducting channels. Such tissues are always associated in a 
connected system traversing the whole plant. The absence of 
intercellular spaces is further characteristic of them. 

(a) Sieve-Tubes. — The living elements composing the sieve- 
TiTBKS (*«) are arranged in longitudinal rows and connected by open 
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pores which appear to serve for the transport of organic substances. 
The transverse or oblique ends, and sometimes the lateral walls, have 
sieve-like perforated regions the pores of which are filled with 
protoplasmic strands. These are called the aiEVE-PLATKS (Fig. 62 

A 

In many plants (<?.</. the Cucumber, Fig. 62 A) the entire transverse wall forms 
one sieve-plate perforated by relatively coarse pores. On the longitudinal walls 
the sieve-plates have the form of narrowly circumscribed, circular areas with much 
finer pores (Fig. 62 Cy c*) where two sieve-tubes adjoin laterally. In other cases 



Pi<3. 62. — Parts of sieve-tube-s of CuGurbita repo, hardened in alcoliol. A, Surface view of a sieve- 
plate. 7i, C, Ijongitudinal sections, showing segments of sieve-tubes, s, Companion cells ; 
u, mucilaginous contents ; pr, peripheral cytoplasm ; c, callus plate ; c*, small, lateral sieve- 
plate with callus. (x 640. After Htrasbuhoer.) 

several finely- perforated areas (sieve-plates) are found on the oblique end-WAll of a 
sieve-tube (Fig. 63). 

The elements of a sieve-tube, each of which corresponds to a cell, 
contain a thin living protoplasmic layer lining the wall, with a single 
nucleus, leucoplasts, and often starch-grains. This encloses a watery, 
alkaline, more or less concentrated and coagulable cell-sap which is 
rich in albuminous substances and frequently in carbohydrates and 
inorganic salts (phosphates) (Fig. 62 Bu), The walls of sieve-tubes 
are almost always unlignified ; they consist of cellulose and are 
elastically stretched by their contents. As a rule sieve-tubes remain 
functional during one vegetative period only. Before passing into the 
inactive condition their sieve-plates become covered by highly refractive 
plates of CALLUS (Fig. 62 C), which diminishes or prevents the 
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exchange of materials between the members of the sieve-tube. If the 
sieve-tube resumes its function in the succeeding vegetative period 
this callus is again dissolved. 


The callus plates consist of callose, a substance the cheiriical composition of 
which is still unknown ; this is characterised by its insolubility in ammonia- 
oxide of copper and its solubility in cold 1 % solution of potash. It is coloured 
reddish-brown by chlor-zinc-iodide, a shining blue with aniline blue, and shining 
red with coralliii (rosolic acid). The portions of the wall bounding the pores of a 


sieve-plate are coated with a thin layi 
It is by the gradual thickening of 
this layer that the ])ores become 
narrowed and ultimately occluded. 

(b) Vessels. — Special, and 
ultimately dead, cells, which are 
tube -like with a circular or 
polygonal cross-section and are 
elongated and arranged in longi- 
tudinal rows, serve for the con- 
duction and sometimes also for 
the storage of water in the plant. 
The lignified walls of these 
vessels liave striking and charac- 
teristic thickening. So long as 
they are functional the vessels 
contain water. They are dis- 
tinguished as TRACHEIDES and 
TRACHEAE. The tracheidcs are 
single cells with pointed ends, 
and are as a rule of narrow 
diameter. Their walls bear 


of callose while the pores are still open. 



u. (53. — J, Junotion of two jilements of a sieve- 
tube of Fitii vinifera, tlie obliiiuc wall being shown 
in section, (x t)00. After 1 >k Raey.) jR, A similar 
wall in surface view showinj? the sieve-pits. (Dia- 
grammatised by Rothbrt after De Baby.) 


peculiar pits (Fig. 67 B). These elements frequently also serve as 
mechanical tissue, as in the stems of Coniferae. The tracheae, on the 
other hand, are wider or narrower tubes formed from a number of 
cells by the disappearance of their end-walls. 


When the end-walls are transversely placed they are completely^ dissolved, leaving 
only a narrow annular rim which becomes further thickened (Figs. 64 C, s, 
66 /. Qy q'). Obliquely placed end-w'alls, on the other hand, are usually not 
pierced by a single large opening but by a number oi elliptical openings placed one 
above the other (scalariform perforation, Figs. 66 //., 166 tg).’ Some of the end- 
walls are not perforated but merely pitted, and the vessels are thus of limited length. 

Some tracheae, in particular those of w’oody climbers or lianes, may be some 
metres in length. In the Oak also tracheae two metres in length are frequent. 
As a rule, however, they do not exceed 1 m. and are usually only about 10 cm. in 
length. The widest as well as the longest vessels are met with in climbing plants ; 
in them they may be 0*7 mm. wide, while those of the Oak are about 0*25 mm, and 
of the Lime 0*06 min. 
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As a rule, in botanical literature, a distinction is drawn between tracboidcs and 
tracheae or vessels. Dk Bauy, however, called all these elements tracheae and 
distinguished between tracheides and vessels. The most convenient course, which 
is adopted here, is to distinguish within the collective conception vessels the 
tracheides and tracdicae. 


The thickening of the walls of vessels may have the form of 
narrow bars (Fig. 04, GT)), on the relatively thin wall. These bars 
may form isolated rings, connected spirals, or a network, and 
accordingly annular, spiral, and rkticujatk tracheides and 
tracheae are distinguished (Figs. 04, Of)). In other cases the 
thickening involves the greater part of the cell wall but leaves 
numerous j)its (pitted vessels. Figs. 60, 67). The pits may 



Pio. Part of an Hnnular traclieido. />, 

Part of a spinil traclicide. C, Longitudinal 
section through part of a reticulate trachea 
showing the remains of a partition wall, .s. 
(X 240, After H. ScirKVCK.) 



Km. r>5. - Portion of a longitudinal section 
through three spiral Ae.s.sels and u row of 
parenchyma cells of the Gourd (('imirhita 
Pepo). (X 560. After W. Kotiikrt.) 


be circular, polygonal, or more or less transversely extended and 
elliptical or slit-like. When transversely-extended pits stand above 
one another in regular rows on the lateral walls the vessel is termed 
SCALARIFORM (Fig. 66 //., 67 A). Transition forms are met with 
between the various types of vessels. 

Only the annular or s]>iral vessels can undergo extension or stretching. On 
this account they are the only kinds present in growing }>arts of plants. 

The pits of pitted vessels are always bordered pits, the canal 
of which widens from the cell-lumen to the pit-membrane (Fig. 68 C). 
They may be present on one or both sides of a cell-wall. The outline 
of the pit in surface view is commonly circular and encloses a smaller 
circle (Fig. 68 A). The smaller circle is the opening into the cell-cavity, 
while the wider outline is that of the pit-cavity at its widest part adjoining 
the pit-membrane. The thickening of the cell- wall thus overhangs the 
pit-membrane and forms the wajl of the pit, between the outer and 
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inner circles. The int-membrane is frequently thickened in the 
centre, forming the torus (Fig. 68 6% and this, when the membrane 
is deflected to one or other side, may close the entrance like a valve 
(Fig. 68 By i). The wide membrane of the bordered pits allows readily 
of movements of water from the one cell-cavity to the other, while the 
overhanging wall of the pit ensures that the rigidity of the 


I E 



Fk). Diagrams of tracheae in longi- 

tudinal section. J,, Wide trachea with 


wall IS not unduly diminished. 
As Fig. 68 6^ shows, the pits are 
bordered on both sides of a wall 
separating two water - conduct- ' 
ing elements. When, however, a 
vessel abuts on a living cell, the 
pit is only bordered on the side 



small elliptical bordered pits, and with 
8 imi)lo perforation of the end-wall q\ 
The farther portion of the wall is cutaway 
in the upper i)ortion of the figure. //., 
Nritow trachea with scalariform pitting 
of the wall and perforation of the trans- 
verse wall, 5 , R, The transverse walls 
of the two tracheae In surface view. 
(After Rothkrt.) 


Fiu. 67.— >1, Lower third of a 
scalariform tracheide from the 
rhizome of the Bracken Fern 
(i*trridium aqiiilinum ) ; the 
lateral walls ; 'Q, the end-wall, 
(x 95. After Dk Baby.) JD, A 
tracheide with circular bor» 
dored pits, (x 100. After 
Strasbuboeb.) 


of the membrane toward the water-conducting element and the pit- 
membrane has no torus. On the other side of the wall a simple pit 
is developed. 
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The pits in the end walls of tracheae and tracheides are also always bordered 
pits. In the case of the tracheae it is their pit-niembranes that are absorbed 
(cf. Fig. 66 A I. and IT.). 

The thickening bands in annular and spiral vessels correspond to 
the walls of the bordered pits These thickening bars are in fact 
always narrowed at their attachment to the wall of the vessel (Fig. 65). 

On this account tlie spiral thickening bands are readily detached from the walls 
in the preparation of sections, and appear as if lying within the cavity of the vessel. 

The tliin portions of the wall between the thickenings correspond to the pit- 
membranes, and, when occurring betw'een two water-conducting elements, may be 
somewhat thickened like a torus. 


The thickening of the walls of water-conducting elements increases 

the mechanical rigidity of 



Pio. 68. — Tracheides from tlie wood of the Pine, Pinm 
sylvestris. A^ Bordered pit in surface view. Tniiis- 
verse section of bordered pit from a tangential section 


the latter and prevents 
their being crushed by the 
adjoining living cells. The 
living contents of the 
vessels diminish as the 
wall thickens and ulti- 
mately completely dis- 
appear. This does not 
happen in the tracheae 
until after the transverse 
walls have been broken 
through. 

System of Tissue of 
the Vascular Bundles. — 


of the wood; f, torus. C, Transverse section of a The sieve-tubcS areUSUallv 
tracheide; 7H, middle lamella, with gusset, m* ; i, thick- . , . . , J; 

ening layers of the wall, (x 640. After Strasborcjer.) associated With Conduct- 
ing parenchyma to form 
strands or bundles of phloem which traverse the plant. The same 
holds for the tracheides and tracheae, although isolated or grouped 
tracheides may occur as a water-storage tissue in the parenchyma. 

Such strands of phloem or of vascular tissue may be regarded as 
INCOMPLETE VASCULAR BUNDLES. They are commoii in the secondary 
permanent tissue as vascular strands in the wood and phloem strands 
in the bast (cf. pp. 1 40, 1 49). In the primary tissues, however, the phloem 
and vascular strands are united to form complete vascular bundles 


which run as a rule parallel to the long axis of an organ, and are 
united by cross connections into a network. The name vascular 


BUNDLE system: is given to this striking feature in the construction 
of a plant. In these bundles the elements which serve for the con- 


duction of water are associated with those which conduct organic 
material, so that these different substances follow nearly the same course, 
though usually in opposite directions. Such complete vascular bundles 
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contrast with the less dense surrounding tissue by the narrowness of 
their elements, and the absence of intercellular spaces; they are often 
visible to the naked eye as in the translucent stems of Impatiens 
parviJJora. 

The complete conduct ing bundles are also termed vascular bundles, fibro- vascular 
bundles, or niestome. 

5. Secretory Cells and Secretory Tissue. (1) Solitary cells. — 
Secretory cells isolated or arranged in rows are of frequent occurrence 
in the most diverse tissues. They may be 
isodiametric or tubular, and contrast with the 
other (;ells by reason mainly of their contents. 

Within their diminisljod or dead protoplasts 
secretions of the most varied kinds *arc contained. 

These are end-products of the metabolism and 
may have an ecological significance as protective 
substances. Mucilage, gums, ethereal oils, resin, 
gum-resin, tannin, alkaloids, and crystals of oxalic 
acid (Fig. 21) arc among the most frequent 
secretions. The walls of these cells are often 
suberised. 

The non-septate latici FERGUS cells which 
contain the secretion called latex belong here. 

They are richly-branched tubes without cross- 
walls, with a smooth elastic cellulose wall that is 
usually un thickened (Fig. 69), They have a 
layer of living protoplasm with numerous nuclei 
lining the wall and sometimes contain starch- 
grains which in many Euphorhiaceae are 
dumb-bell-shaped. Their cell-sap is a milky, 
usually white, watery fluid which rapidly 
coagulates on expovsure to the air. The latex 
serves to close wounds and as a protection 
against vegetable-feeding animals. The latici- 
ferous cells have on the other hand no con- fi(». w».-rortio« of a latici- 

ducting functions. Ceropegia. 

" (X 160. After Stras- 

The laticiferous tubes in many Euphorhiaceae {e.g. burger.) 

Euphorbia)^ Moraceac, Apocynaceae, and Asclepiadaceae 

proceed from cells which are already recognisable in the embryonic plant) and with 
the growth of the latter continue to grow, branch, and penetrate all the organs so 
that they may become many metres in length. 

Tannins, glucosides, poisonous alkaloids, and especially calcium -malate, occur 
dissolved in the latex ; peptonising enssymes iu Ficm Carica and Garica Papaya ; 
further, as droplets in an emulsion, gum-resins (mixtures of gum and resin), 
caoutchouc (CajHnO* gutta-percha, fats, and wax occur, and as a solid constituent 
proteid granules. 

(2) Cell-fusions. — number of secretory cells may unite to form 
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a more spacious reservoir for the secretion, by the dissolution of the 
walls between them. This is most strikingly seen in the laticiferous 
VESSELS. They resemble the laticiferous cells in appearance and in their 
contents, but differ in their origin by the fusion of a number of cells 
forming a network (Fig. 70). Kemains of the transverse walls may be 
recognised in this. 

The laticiferous vessels, like the laticiferous cells, are limited to certain families 
of plants, for instance the Papaveraceae {PapmeTj Chelidonium, with reddish- 
orange latex), the Campaniilaceae, in the Compositae the Cichorioae {Cichormm, 

Tarascacum^ Lactuca^ Scorzonerat Hieradum^ 
Tragopogan)^ and some Euphorbiaceae {e.g. the 
important Rubber tree, Hevea). 

The MUCILAGE TUBES wMcli occur in many 
Monocotyledons are in many respects similar 
to the laticiferous vessels. Their mucilaginous 
sap consists of albumen, starch, glucose, tannins, 
and inorganic substances. 

(3) Lysigenous intercellular 
SPACES. — Secretory reservoirs frequently 
arise as spherical, irregular, or tubular 
cavities by dissolution of entire secretory 
cells, i,e. lysigenously (Fig. 71). These 
lysigenous secretory reservoirs arise from 
groups of cells in which the secretion has 
been formed and the walls gradually dis- 
solved. The secretory cavities filled with 
ethereal oils in the orange and lemon, 
other Rutaceae, and many Myrtaceae have 
this origin. 

6. Glandular Cells and Glandular 
Tissue. — Glandular cells, which excrete 
substances from their protoplasts to the 
outside or into the intercellular spaces, 
occur singly or in groups in the epidermis, 
in the parenchyma, and in other 
tissues. The glandular cells resemble 
parenchymatous cells, but have as a rule abundant protoplasm and 
large nuclei as in meristematic cells. The excreted substances 
frequently have an ecological significance. Closely connected 
glandular cells forming a layer constitute a glandular epithe- 
lium. 

Glandular epithelia or isolated glandular cells are of frequent occur- 
rence in the epidermis and are often covered by a porous cuticle or a 
cuticle may be wanting. In this situation glandular hairs, the knob- 
shaped terminal cell of which is secretory (capitate hairs, Fig. 72), also 
occur. Other glandular hairs maybe scale-shaped (Fig. 73), and glandular 



Pro. 70.— -Tangential section through 
the periphery of the root of the 
Dandelion (Taraxacum) showing 
reticulately united laticiferous 
vessels, (x 240.) 
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emergences (Fig. 53) are also found. The secretion is very often 
composed of resinous substances, and accumulates between the outer 
wall of the secretory 
cells and the cuticle, A 

which is raised up 
and finally burst. The 
same holds for the 
formation of other ad- 
hesive substances and 
mucilage. 

According to the ex- 
creted products, which 
may have varied ecological 
uses, the epidermal glands 
may be distinguished into 
mucilage, oil, resin, digestive (Fig. 74) glands, also salt glands, water glands 
(hydathodes), and nectaries (^). The last-named secrete a sugary fluid which 
attracts insects and occur as glandular surfaces or hairs within the flower or in 
other situations (cf. Fig. 136 n). These are termed respectively floral and extra- 
floral nectaries (cf. also p. 109). 



Fio. 71.— Lysi^'enous oil-reaervoJrs from tho leaf of Dictnmnu 
fraxindla. Ay Young. />’, Mature after dissolution of the cell- 
walls. (Rothekt altered from Rautek.) 


The glandular cells or epithelia, enclosed within parenchymatous or 
other tissues, always abut on circular or irregular intercellular spaces or 
tubular, branched, or unbranched canals, which sometimes run through 



Pio. 72.— Glandular hair from the 
petiole of ^rimUa sinensis showing 
the secretion above, (x 142. After 
Dx Babv.) 



Fio. 78.— Glandular scale from the female inflores- 
cence of the Hop, Humnlus Ivpulus, in vertical 
section. A , ’ ^fore, Ji, after the cuticle lias become 
distended by the socretion. In B the secretion 
has been removed by alcohol. (X 142. After 
Db Baby.) 


the whole plant as a connected system of tubes. These intercellular 
spaces, which arise by the splitting apart of cells, form the SOHIZOGBNOUS 
SBORETORY RESERVOIRS (Fig. 76), Their contents consist of ethereal 
oils, resit), or mucilage, and corresponding distinctions are made 
in naming fiese canals. Eesin-canals are met with in many Coniferae^ 
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oil-ducts in the TJmhelli ferae, mucilage- and gum-canals in the 
(Vcadaceae and Araliaceae {e,g. the Ivy), and spherical or elongated 


schizotrenons cavities containing 

o o 

ethereal oils in species of ILfpericnm 
(Fig. 7.')). 

Schizolysigenous reservoirs also 
occur. 



Fi«. 74.— SoHsile (li^estivf3 yland from tlio uppor si«le 
of the haf of Fiv(juicMhi. vnlaat-ltt. .1, In loiijji- 
tudiiial section, li, Seen from Hbo\ti. (Uotheiit 
altered from Fenner.) 



Fjo. 7S. — Sc.hizoj^cnon.s oil -reservoir in a 
cross ■ sertion of the U-af of llniKricum 
'jn’rf'iratum. .S, the glandular I'pithelinm. 
(After II MIKRL.^NOr.) 


SECTION III 
ORGANOGRAPHY 

The organisms included in the vegetable kingdom are variously shaped 
and segmented. Some are unicellular throughout life, while others 
are multicellular. Both may have very simple and regular or irregular 
outlines and have no external segmentation, or on the other hand may 
possess a body which is more or less symmetrically segmented and 
exhibits branching of various kinds. 

1. Relations of Symmetry — The form of the whole segmented 
or unsegmented organism and of its parts is determined by their 
relations of symmetry. Jdke nearly all pro})erties of organic forms 
this is closely connected with the mode of life of the organism and 
the functions of its organs, especially with the direction of growth of 
the plant and of its members. As a rule, therefore, the symmetry 
of the internal construction of a plant corresponds to that of its 
external form. 

Apart from a few very simple forms, the plant-body and its 
individual parts nearly always exliibit polarity and a distinction of 
base and apex at opposite ends of its longitudinal axis. Such a dis- 
tinction is shown both in free motile forms, in which the direction of 
progression is usually determined by the polar construction of the 
body, and in attached forms, whore the organism is attached to the 
substratum by its basal i)ole. 

Every section througii a part of a plant parallel to the longitudinal 
axis is a longitudinal section. When it passes through the axis it is 
termed a radial longitudinal section, and when it is at right angles to a 
niidius but not in the plane of the axis itself a tangential longitudinal 
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section. Sections at right angles to the longitudinal axis are transverse 
sections. An organism or a part of a plant whicli is almost similarly 
constructed around its longitudinal axis is termed KADIAL or ACTINO- 
MORPHIO (Fig. 551 yl). Such a structui-e can ]>e divided hy a number 
of radial longitudinal sections into a})proximately equal halves, which 
are mirror images of one another ; it has thus a number of PLANKS OF 
SYMMETRY. When tlicre are only two planes of symmetry standing 
at right angles to e.ach other the structure is called BILATERAL or 
bisymmctrical (Fig. 103). Lastly, when there is only a single jdane of 
symmetry (the MEDIAN piane) the structure is DORSi ventral or 
ZY(iOMOKrHl(! ; the two lateral halves correspond, while the anterior 
and dorsal sides arc unlike (Fig. 551 B). Plants or })arts of plants 
which grow vertically upwards or downwards (oRTHOTRoPOUs) are 
usuall}" radial or bilaterally symmetrical. When, on the other hand, 
they grow obliquely or at right angles to the vciTical (pLAOloTROPotis) 
they are frequently dorsiventral. There are also asymmetrical 
organic structures, which cannot be divided by any plane into corre- 
s])()nding halves. Some dorsiventral structures, e.g. leaves, become 
asymmetrical by the one half being diflerently formed to the other. 
This is, for example, the case with the leaves of Begonia, and in a less 
degree with those of the Elm. 

Thii relations of symmetry arc of great importance in nnderstanding the 
gejKMal morphological relations of the plant. In many cases the s)»e(*ial relations 
of symmetry of lateral members become intelligible in the liglit of the symmetry 
of the whole plant. For example, the asymmelrical leaves of licfjonia in the light 
of the dorsiventral .symmetry of the more or less plagiotropous ])lant, or the leaves 
of Elm and many other plants in the light of their branches. 

IL Significance of the External Segmentation to the Organism. 

— The construction and segmentation of any particular organism stand 
as a rule iti close relation to its needs and mode of life. The external 
as well as the internal segmentation is usually the expression of a 
DIVISION OF LABoiTR l»ctween the parts of a cell or of a multicellular 
body. The external members arc, in fact, usually groans with definite 
vital functions. The phylogenetic progression from simpler to more 
segmented organic forms consists in great jiart in the increase of this 
differentiation and division of labour. 

III. Main Groups of Organs. — The activity of every organism takes 
place in two directions. It must nourisli itself in order to maintain 
itself as an indivi<lual, and it must reproduce in order that the race 
should not perish with its death. The body of the plant subserves these 
two fundamental vital impulses. Only in primitive plants does the whole 
mass serve both equally ; usually certain parts are concerned with the 
nutritive processes and others with reproduction. There is thus 
usually a clear division of labour between the vegetative ORGANS and 
the REPRODUOTIVE ORGANS, which aro fundamentally different in form 
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and structure as well as in function. These two groups of organs will 
require separate consideration. 


1. Vegetative Organs 

The highest segmentation attained by the vegetative organs of 
plants is that into root, stem, and leaves. Stem and le^ives are 
classed together as the SHOOT. A plant-body composed of shoot and 
root is termed a OORMUS, and plants so constructed CORMOPHYTES. 
The fern-like plants, or Pteridophyta, and the more highly-segmented 
Seed-plants derived from them are cormophytes. 

The cormophytes arose phylogenetically from more simply 
organised plants in which the plant-body had not attained such a 
profound segmentation ; in which roots were wanting, while leaf-like 
branches though not true leaves were present. Such structures, as 
well as quite simple and unsegmented plant-bodies, are included 
under the term thallus, and such plants may be contrasted with 
the cormophytes as thalloid. The Algae, Fungi, Lichens, and all 
Bryophyta have thalli. 

The thalloid plants must not be confused with the Tliallophyta. All thalloid 
plants possess a thallus, but they are not all Thallophyta. Under this name 
systematic botany includes only the Algae, Fungi, and Lichens. 

A. THE THALLUS fi) 

(a) Algae, Fungi. 1. Simplest Forms. — The only forms that are 
quite unsegmented externally are a number of microscopically small 
unicellular or multicellular plants. The simplest form that can be 
assumed by an organism is that of the sphere. For example, such 
spherical cells are shown by some Algae that form a green coating on 
damp walls (Fig. 34), and by many Bacteria (Fig. 77 6 ). The latter 
include by far the smallest known organisms. 

2. Relative Increase of Surface. Establishment of a Longi- 
tudinal Axis. — It is a proposition applicable to all bodies that the 
smaller they are the greater is their surface relatively to their volume. 
In the minute cells of Bacteria the surface is thus especially large in 
relation to the volume, a feature that has an adaptive value in con- 
nection with their mode of life. 

Of all geometric figures the sphere has the smallest surface for the 
same volume. All deviations from the spherical form are therefore 
connected with a relative increase of the surface. In particular, as 
the volume of the body increases, involving a relative diminution of 
the surface, the surface-area is in this way increased. Cylindrical, 
rod-shaped, filamentous, ribbon-shaped, and discoid forms thus occur, 
and ultimately bodies segmented by reason of their external pro- 
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jections; such bodies usually show a definite longitudinal axis. 
The free surface of the body is of great importance to the plant for 
the absorption of the gaseous and liquid substances necessary for its 
nutrition and derived from the environment. The INCREASE OF 
SURFACE is thus the most important principle determining the external 
form of plants. 


The unicellular individuals of the beer Yeast (cf. Fig. 19) are ellipsoidal in 
shape, while the cells of many Algae, such as species of Diatoms (Fig. 76), are 
X B discoid or cylindrical. This group of Algae 



exhibits spindle, canoe, helmet, and fan 
shapes, and also filamentous ribbon- and 
chain-like forms. Rod-shaped and spirally- 
wound forms are met with in the ^cteria 
(Fig. 77 a, c, d). 



Pio. 77.— Bacteria from deposits on teeth, o, 
Leptothrix huccalis ; a*, the same after treat- 
ment with iodine; &, Micrococcus; c, Spiro» 


Fig. 76,~Pinnularia viridis. A, Surface chaete dentium after treatment with iodine ; 

(valve) view. S, Lateral (girdle) d, Spirillinn spntigenum. (x 800. After 

view, (x 540. After Stkasburoer.) Strasburokr.) 


Such living beings may be attached by mucilage to a substratum or may float 
free in water. The free-floating organisms of continental water-surfaces as well as 
of the ocean are termed plankton in contrast to the firmly -attached aquatic 
organisms which constitute the benthos. Many forms of the plankton flora 
have the power of active movement (swimming forms) due as a rule to projections 
of the protoplast as slender contractile flagella or cilia which are special organs of 
locomotion (cf. Figs. 308, 810-312). This power of moverilent enables many 
organisms of the plankton, responding to stimuli, to seek for favourable nutritive 
conditions or to avoid unfiivourable spots. Other forms of the plankton are sus* 
pended without true power of movement in the water (floating forms). Many of 
them, and other plankton organisms, show special arrangements for flotation in the 
increase of body-surface by long bristles, bars, and plates (Figs. 814, 323, 325). 
The friction of the body against the water is thus considerably increased and 
sinking made more difficult (®*). 
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While all these simj^ly organised plants have a fixed outline to tlieir bodies, 
there are also lower plants which can continually change their form, the 
myxoniochac and plasinodia of the Myxomycetes. 


8 . Establishment of Polarity. — The next stage in ])rogrcssive 
complexity of form is the establishment of the distinction between 
base and apex. In freely motile forms the cilia arc frequently 
attached at one pole. In fixed forms one })ole forms an organ oF 
ATTACHMENT, as, for instance, a circular disc of attachment or 
palmately-branched lobes. The further growth may at the same time 



1)6 restricted to a small region of the body or 
GROWING POINT. This in intercalary growth is a 
zone between the base and apex, M'bilc in apical 
growth it is situated at the summit of the ]>)antr 
body. A young plant of the green seaweetl IHnt 
lacinm affords an example of the latter condition 
(Fig. 78). 

4. Flattening*. — Many Algae and Lichens have 
a disc-shaped or ribljon-sluqKHl thallus (Fig. 80) 
by which the free surface is further increased. 
The assumption of this form may therefore be 
regarded as an adaptation to the nutritive relations 
of the organism. The latter constructs its organic 
substance from the car})oii dioxide which it can 
decompose, but this process of assimilation only 
takes place in plants that contain chlorophyll and 
in the light. Thus as many chlorophyll grains 
as possible require to be exposed to the light, 
and this is attained even in massive bodies by the 


Fio. 78. — Vim lactuca, flattened form. 


younj? stage, show- 5 . Dopsiventpality. — The majority of the forms 
( 220!^ Alter referred to are radial or bilaterally sym- 

BUROKR.) metrical. In those in which the thallus spretuis 

out on a substratum {e.g. in many Lichens), the 
construction of the plant body further becomes dorsiventral. l.lorsi- 
ventral symmetry is characteristic of forms in which the upper side 
is the more strongly illuminated and is especially concerned in 
assimilation. 


6 . Branching. — Filamentous, ribbon-shaped, and discoid forms, 
the surface of which is extended as branches, are still more highly 
organised. This occurs in most thalli of Algae, Fungi, and Bryophyta. 
The free surface is still further increased by the branching, and the 
available space and light are better utilised. Thus bushy, shrub-like, 
and dendroid thalli arise ; these in the Algae have often delicate 
branches moving with the surrounding water, to which they offer little 
resistance. 


In branching the apex of the young plant may divide into 
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two new and ecpiivaleiit parts (dichotomous branching), as 
happens repeatedly in the fan-shaped thallns of the Brown Seaweed, 
Dktifota dkhMoma (Fig. 80 ; cf. the diagram in Fig. 79 a). In other 


H 






Fiu, 79. — a, of dioh()toriU)UH and, 6, of lateral racemose branching. K, Axis of the young 

//, main axis ; /, X', 4, daughter-axes of corresponding orders. 


branched forms there is a new formation of growing points which 
giA^e rise to lateral branches (lateral branching), and in the higher 
forms this becomes more and more limited to the apical region of 
the thallus ; the youngest and shortest lateral branches are the nearest 
to the apex. Such an acropetal origin of new lateral members is 
already evident in the 
filamentous Green Alga, 

Cladophora (Fig. 81 ; cf. 
also Fig. 86). In the 
simplest case of lateral 
branching a single main 
axis (monopodium) con- 
tinues its apical growth 
throughout the branch 
system. It behaves as the 
parent - axis to a large 
number of lateral axes, 
arising successively on all 
sides. These grow less 
actively than the main axes 
but can in turn branch similarly. This type of branching is called 
RACEMOSE (cf. the diagi’am, Fig. 79 6). 



Fio. 80. —DU'tynta •iichattima. (J nnt. size. 
After ScHKNfcK.) 


Cymose branching, which will be described in connection with the cormus, also 
occurs in Thallophytes. 

All lateral axes which arise on the axis of the young plant are 
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spoken of as branches of the first order ; those which, in turn, arise on 
branches of the first order as of the second order, and so on (cf. Fig. 
79). The axis on which a daughter-axis arises is termed relatively to 
it a parent-axis. Parent-axes may thus themselves be daughter-axes 
of the first, second, third, etc., orders. The lateral axes may have 

unlimited growth (long shoots), or may 
have the form of short shoots with 
limited growth. 

In contrast to tlie TiirK nii-ANCHiNG described 
above, what is known as falsr iniANcnixa is 
found in some low lilainentoiis Algae and Bacteria. 
It comes about by the lilanieiit breaking into two 
portions, still, however, held together by the 
mucilaginous sheath ; each new end arising by 
the rupture can grow on as a lilament (Kig. 82), 
When an unbranched tliallus is subsequently 
split into a number of lobes, as in the case of the 
Hat thallus of Laminaria (Fig. 359), the term 
branching is not used. 

The thallus in the Fungi, which do 
not assimilate carbon dioxide, has a 
correspondingly peculiar aspect. It is 
termed a mycelium, and consists of thin, 
highly-branched, cylindrical, colourless 
filaments (Fig. 83 and Fig. 6) called 
HYPHAE. These penetrate the substratum, 
such as the humus soil of a wood, in all 
directions and thus expose a large surface 
for the absorption of the necessary food- 
materials. Parasitic fungi, if not inhabit- 
ing the cells, usually send suctorial 
projections of the hyphae (haustoria) into 
the living cells of the host plant from the 
hyphae in the intercellular spaces (Fig. 84). 

7. Division of Labour between the 
Branches of the Thallus. — The most 
highly-segmented types of thallus are 
met with in some Siphoneae and in the 
Brown and Red Seaweeds (Phaeophyceae and Rhodophyceae). 
The external segmentation of some of these resembles in a remark- 
able manner the shoot in cormophytes. Some of these Algae 
attain a great size, the thallus of* the ‘ Brown Alga, Macrocydis^ being 
over 45 m, long. A good example of high differentiation is afforded 
by the Red Seaweed, Delesseria sanguinea (Fig. 85), which has leaf-like 
lateral branches seated on the cylindrical, branched, relatively main axes. 
In many such forms, besides the formation of attaching organs or hap* 
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tera and of branches, a further degree of differentiation is attained. 
Some cylindrical branches continue the growth and branching of the 
thallus as long shoots. Other branches borne on these are short 
SHOOTS with limited growth, and serve as leaf -like ORGANS OF 
assimilation. These short shoots may again exhibit a division of 
labour among themselves. Such forms are of the greatest interest 
morphologically, as they 
show how the leaves of 
cormophytes could have 
arisen from short shoots. 

Leaf- like short shoots have 
evidently arisen independently 
in a number of series of thalloid 
plants. Thus the leaf-like branches 
of the Sij)honeae and Brown Algae 
are not homologous with those of 
the Red Algae but only analogous. 

8. Internal Structure 
of the Thallus. — Thalli, 
whether segmented or un- 
segmented, may consist of 
a single protoplast {e.g. 

Siphoneae, Cauleiyiiy Fig. 

343) or more usually of 
many cells. In the latter 
case the cells are arranged 
in filaments (Fig. 81), 
surfaces, or are united to 
form a cell -mass. The 
simplest multicellular thalli 
are composed of uniform 
cells all capable of division. 

As soon as a growing point 
is defined a distinction between meristematio and permanent cells 
is apparent. 



Fio. 82.~False branching in Cyanophyceae. A, Pleeto^ 
nema Wollei ; only the upper end of the broken filament 
grows out as a branch. R, PI. mirabile] both ends 
proceed to grow. (Oltmanns after Kirchner and 
Hornet.) 


The extreme tip Of the apical growing point is nearly always occupied by a 
single cell termed the amcal cell. This sonietnnes differs little from the othei 
cells, as in the case of CladopJwra glmnerata (Fig. 81). The dome-shaped apical 
cell is, on the other hand, prominent on the multicellular long shoots of the 
Brown Alga, Cladostephus verticillatus (Fig. 86), Such an apical cell divides by 
transverse walls parallel to one another, which cut off disc-shaped segments from 
its lower end. These divide further in a regular way, first by longitudinal and 
then by transverse walls into a number of cells, which are at first meristematic. 
The lateral branches, mostly developed as shoots of limited growth, develop from 
lateral cells in acropetal succession, and give the characteristic form to the plant 
(Fig. 86). Flat ribbon-shaped thalli may have a similar but correspondingly 
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flattened apical cell, as seen in the Brown Seaweed, IHclyota dichotoma (Fig. 87). 
Flat segments are cut olF from this by walls convex backwards, and are then divided 
by longitudinal walls. Sometimes the apical cell is divided by a longitinliiial wall 
into two cells of equal size lying side by side (Fig. 87 />, o., n), each of which 
forms one of the branches of the dichotomy. 

The permanent cells even of high]3'’-(lifrerentiatc(l thalli almost 

ahva^^s have the characters of 
])arenchyma. 

In a multicellular thallus there 
may be a distinction of }>erij»heral 
assirnilatory }»arenchyma with abun- 
dant chlorophyll, storage paien 
chyma, colourless and with abundant 
reserve materials, and conducting 
parenchyma com}>osed of elongated 
cells. 

Since the multicellular Algae 
living in water do not require pro- 
Fuj. 88.— rortion of the mycelium of Pvnicillinm. tection against drying up, and wdien 
(x about 35.) exposed to the air at ebb-tide are 

protected by a covering of mucilage, 
a typical epidermal layer is wanting. 
The Algae show, however, an outer 
lamella of the cell -avails of their 
superficial cells, which stains brown 
with chlor-zinc-iodidc. Rigidity of 
the thallus, especially in forms that 
. grow exposed to the surf, is provided 
for by thickening of the walls of 
the outer layers of cells and some- 
-haust incrustation with calcium 

carbonate. In the Bladder Wrack 
{Fucus ves^iculosus) special meclian- 
ical cells, characterised by their 
thickened walls and their great 

Fio. 84.- Haustoria (haust) of Peronospora ptminUica ®''^i'«^®^hility and elasticity, are 
in parenchymatous cells of Ca;>sei!/a. The inter- present. The Laminaneac, W'hicli 
cellular hyphae. (x 240.) are also Brown Algae, attain the 

highest grade of internal differentia- 
tion. The cortex frequently contains mucilage-canals, and the medulla has rows 
of cells resembling sieve-tubes and serving for the traasport of materials. The 
axis grows in thickness by the continued division of a cortical layer, wliich forms 
concentric zones of secondary tissue, recalling the annual rings of the higher 
plants. 

(b) Bryophyta (“). — The fact that the Mosses and Liverworts 
(Bryophyta) assimilate carbon dioxide finds expression in their external 
form and internal structure. There are Liverworts such as Miccia 
fimtem (Fig. 88) in which the dichotomously-branched ribbon-Bhape4 
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body resembles the thallus of Dictyoia (Fig. 80). In Bkida puHlky 
another l.iverwort (Fig. 89), the ribbon-shaped thallus has a midrib 
and boars lateral lobes as if the separation of leafy structures was 
commencing. The most completely segmented Liverworts, such as 
rhujiochila (wplmioides (Fig. 90), aiul all the Mosses have cylindrical 
branched stems bearing such leaves as organs of assimilation. The 
lateral branches stand beneath the leaves on the main axis. These 
(lorsi ventral, Inlateral, or radially-.symmetrical leafy stems are only 
analogous to the shoots of the higher plants and are best regarded 



Flu. %h.-~Dd6sse.rin mnguiwa.. (A nat. size. Fio. S^.—CUtdostephus veHicillatvs, (x 80. 
After Kciienck.) ' After Piuni^shkim.) 


not possess true roots, but are attached to the soil by rhizoids. These 
are unicellular hairs, separated from the basal cell bearing them by a 
wall, or branched filaments of cells, and serve to absorb water. Many 
of these plants can absorb water by their whole surface. 

In the Bryophyta, which are all multicellular, the summit of the apical growing 
point is frequently occupied by a single apical cell. In ribbon-shaped Liverworts, 
such as Metzgeria and Aneura, as in some similarly-shaped Algae, the apical cell 
is wedge-shaped (Fig'. 91), and cuts off segments in two rows. The segments are 
cut off by oblique v^-alls inclined alternately to the right and left. By further 
division'the eegments give rise to the body of the plant. The apparently dichotomous 
:branohing of I^iverworts with growing |X)int^ of this type can be traced back to the 
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early delimitation of a new apical cell in the acroscopic liaip of a young segment 
(Fig. 91 at h). Iii the erect radially-constructed thalli of the Mosses the apical 

cell has the form of a three- 
sided pointed pyramid, and cuts 
off three rows of segments. The 
young leaves of the Mosses grow 
at first by a two - sided apical 
cell, but later have intercalary 
growtli. 

The permanent tissues 
reach a higher level of 
differentiation than in the 
Algae. This is connected 
with the special conditions 
which the life on land of 
the Bryophyta introduces. 
There is only rarely a 
definite eindermis in which 
a typical stornatal apparatus 
maybe differentiated, though 
the superficial cells are 
covered by a kind of cuticle. 
In some Mosses there are 
in addition elongated and 
pointed mechanical cells 
which closely resemble 
sclerenchyma fibres, 
elongated cells serving for 




Fio. 87. —The growing point of Dictyota dichotmna, show- 
ing the dichotomous branching. A, Initial cell. 
(X circa 600. After E. de Wildeman.) 

Some Bryophytes have a strand of 


conduction. This is situated in the midrib of the ribbomshaped 



Fio, 88.— fifccia flvMam, 
(Nat. size. After Schenok.) 



Fio*89.— BlowiapwjifZa. r, rhizoids. 
( X 2. After Schenok.) 


forms. Conducting strands clearly limited from the surrounding 
tissue are first met with in the Mosses (cf. Fig. 92). 

The most perfect strands of this kind are found in the stems of the Polytrichaoeae. 
They contain elongated, thin-walled, water-conducting elements, thick-walled 
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mechanical tissue, and'elongated cells that contain proteids and starch. Strands 
of similar construction are also found in the thick midribs of the leaves and are 
connected with that of the stem. 


(e) Gametophyte of the Cormophytes In the developmental 
history of the cormophytes a stage with a thalloid vegetative body 
occurs. Two generations alternate regularly with one another (cf. 
p. 191 ), the spore-bearing plant or sporophyte and the sexual plant or 
(UMETOPHYTE. The vegetative body of the 
former is a cormiis, while that of the latter 
is usually a very simply segmented and 
constructed thallus (pro thallium). InPterido- 
phyta the gametophyte is usually a flat green 
structure attached to the soil by rhizoids and 




Fia, 90. — Plagiochila as- 
plenioides, (Nat. size. 
After ScHENCK.) 


Fio. 91.— Diagrammatic representa- 
tion of the apex of Metzgeria furcata 
in i)rorea8 of branching, viewtMi 
from the dorsal side, a, Apical 
cell of parent shoot ; b, apical cell 
of daughter shoot. (X circa 370. 
After Knit.) 


living independently (Fig. 93). It is at most a few centimetres in 
length and resembles a small Liverwort thallus. 


B. THE CORMUS (^^) 

The cormus is divided into shoot and root, the shoot into the stem 
and the leaves. Stems, leaves, and roots are thus the fundamental 
organs of the cormus, which evidently is adapted to life on land by 
its outer and inner construction. 

As in many thalli the surface of the cormus is considerably in- 
creased by branching. The shoot forms lateral branches, the roots 
give rise to lateral roots, and by this branching, which in many plants 
begins even in the embryo, a shoot-system and root-system arise. 

The term oormus is usually employed as equivalent to shoot to denote a leafy 
stem apart from the roots, and a shoot or oormus is then recognised in the leafy 
Bryoph^. There are grounds for thinking that the shoot’* of the Moss is 
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not homologous with the shoot of the higher plants. It is therefore advisable 
not to employ the terms shoot or cornms in speaking either of the Bryophyta 
or of similarly organised “ leafy ” Algae. There is nothing to prevent using the 
conception of the cormus as a wider one than that of the shoot, and understanding 
by it the vegetative organs of the cormophytes differentiated into shoots and roots. 
Further, there are transition forms between roots and shoots [ejj. the rhizophores 
of Selaginclla) and between leaves and shoots {e.g. in Vtrimlaria). 


i. Construction of the Typical Cormus 


The fundamental organs of those cormi which can be rcgaideil as 
typical .will be considered in the first place. Their peculiarities 

appear typically in such 
pdants as our native trees, 
or even more clearly in 
many herbs. The funda- 
mental organs may under- 




Pio. 92. — TransverHe section of the 8t«m of Mnivm iindu- 
latum, /, Conducting-bundle ; c, cortex ; e, peripheral 
cell layer of cortex ; /, part of leaf ; r, rhizoids. ( x Dp. 
After Strasburgek.) 


Fig. \>Z,—A!fjdd%vm jUix mas. Pro- 
thallium from the lower side, 
r/i, rhizoids. ( x about 8. After 

SCIIENCK.) 


go many modifications and, in extreme cases, their distinction may 
be diflScult. 

(a) The Shoot (&«) 

The shoot in land-plants may be wholly or in part exposed to the 
ail* (aerial shoot) or be partly buried. in the soil (subterranean 
SHOOT, Fig. 139); the latter is the case in many perennial herbaceous 
plants (cf. Figs. 121, 139). It consists of the stem or axis of the 
shoot and the leaves. The latter on the aerial shoots, which are 
usually green, are developed as foliage leaves, while on the white or 
^olouriess^ subterranean shoots (root-stocks or rhizomes) they are 
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pale scales. The stem bears the leaves and provides for' the extension 
of the shoot-system ; this involves the elongation of the stem and 
the formation of new leaves and lateral branches, the connection 
between the leaves and loots, and the conduction of material between 
tliese organs. The stem in most subterranean shoots further serves 
as a j)lace of storage of reserve materials. The foliage leaves, like the 
loaf-like branches of thalloid plants, are the organs of assimilation and 
transpiration in the cormophytes. The external form and internal 
structure of the foliage-leaves and stem stand in relation to these 
functions. 

(a) The Growing Point. — The shoot grows by means of an apical 

growing point situated at 
the extreme tip of the stem. 
Since the gi’owing point is 


9 


Fio. 05.— Apical view of the 
Fio. 94.— A])exofashootofaphaneroganvlcplant. growing point of a shoot 

V, growing point; /, leaf-rudiment; </, rudi- of Evonymus japonica. 

ment of an axillary bud. (x 40. After (x 12. After Stras- 

Sthasburoer.) BimOER.) 

extremely small and scarcely visible to the naked eye, it is best 
seen when longitudinal sectiqns of the apex of the shoot are ex- 
amined with a magnifying glass (Fig. 94). It then appears flat or 
convex (Fig. 94 r), and sometimes distinctly conical (Figs. 96, 98). 
The rudiments of the Iciives (/) and of lateral branches (g) arise 
laterally beneath the tip and appear as closely-crowded exogenous 
projections or bulges of the surface. The leaves arise in acropetal 
order and becotne larger on passing farther from the apex, as is 
clearly shown in transverse sections of the growing point (Fig. 96). 
The growing point and the young leaves, which only arise from the 
embryonic part of the apex, both consist of meristematic tissue. 

In the majority of the Ferns and in the Horsetails a single apical cell is foand 
at the summit of the growing point (Fig. 96 i). It has the form of a three-sided 
pyramid (tetndiedroij) with a convex Iwe. The apical cell (Fig. 96 97) of the 
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main shoot of the Common Horsetail {Equisetum arvense) will serve as an example. 
Viewed from above (Fig. 97) it appears as an equilateral triangle in which new 
walls {p) are successively formed parallel to the original walls. Each segment 
{S\ S") becomes further divided by partition walls (w). In the Pteridophyta 
which have apical cells the leaf rudiments (/, /', /") usually commence their 
development with an apical cell wdiich cuts off two rows of segments (/). The 
activity of this usually ceases, and the development of the leaf is continued by 
marginal growth due to a number of equivalent two-sided cells. This is the case, 
for example, in Equisetum. The lateral buds {g) also start from a single cell that 
becomes the apical cell. 

In the Lycopodiaceae, among the Pteridophyta, and in Phanerogams, there is 


r" 


Fia. 96.— Median longitudinal section of the vegetative growing point of Equisetum arvense. 
Explanation in the text (x 240. After iSTRASBUROER.) 

no such single apical cell at the growing point. In jdace of this a number of 
equivalent meristematic cells, which often form regular concentric layers (Fig. 98), 
are met with. 

The outermost layer of cells which covers the growing point and also the 
developing leaves is termed the dermatooen {d) because it gives rise to the 
epidermis ; it usually divides by anticlinal walls only. The cells in which the 
central cylinder of the stem ends at the apex form the pleromk {pi), while the layers 
between this and the dermatogen constitute the periblem (pr). The limit between 
the periblem and plerome is often indistinct. 

On such growing points without apical cells the leaves and lateral branches 
arise as multicellular projections (Fig. 98), which come about by local increase in 
number of periblem cells, while the dermatogen undergoes anticlinal divisions only 
and keeps pace with the enlargement (^). 

Bud. — ^T he formation of new members at the growing point is 
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followed by their increase in size and differentiation. This applies in 
the first place to the young leaves, the growth of which exceeds that 
of the stem apex and is most marked on their lower sides. As a 
result of this the older leaves close over the growing point (Fig. 94) 
and the younger leaf rudiments. The growing point thus becomes a 
BUD in which the delicate younger structures are protected against 
desiccation by the older and larger, though still immature, leaves. A 
bud is thus the young incompletely-developed end of a shoot. 


VKFtNATroN AND AESTIVATION.' — A section tlirougli a winter bud shows that 
the young leaves are fitted in various ways to the narrow space in whicii they are 
confined. They may be so disposed that the separate leaves are spread out flat, 
but ‘more frequently they are folded, rolled (Fig. 99 /), or crumpled. The manner 


in which each separate leaf is di8po.sed 
in the bud is termed vernation. 
On the otlicr hand, the arrangement 
of the leaves in the bud with respect 
to one another is designated aestiva- 
tion. In this respect the leaves are 
distinguished as free when they 
do not touch, or valvate when 
merely touching, or imbricated, in 



Fia. 97. — Apical view of the vegetative cone 
of Equiselum arvenste ; I, lateral walls of 
the segments. Further exjjlanation in 
text. ( X 240. After Strasbuik^er.) 



Fio. 98. •— Median longitudinal section of the 
vegetative cone of Hippuris vulgaris, d, Der- 
inatogen ; pr, periblem ; pi, j)lerome ; /, leaf- 
rudiment. ( X 240. After Strasburoeb.) 


which case some of the leaves are overlapped by others (Fig. 99 k). If, as 
frequently occurs in flower- buds, the margins of the floral leaves successively 
overlap each other in one direction, the aestivation is said to be contorted. 

(( 3 ) The Axis of the Shoot. A. External Construction. — The 
active elongation of the stem begins at some distance from the grow- 
ing point ; with this the leaves in the bud begin to separate. It is 
characteristic of shoots, especially aerial shoots, that this elongation is 
not limited to a short region below the bud but extends many centi- 
metres (to more than 50 cm.) from this. It is not of course so active 
in the successively distant zones. The elongation may, on the other 

' [The use of these terms in the following paragraph differs from .that customary in 
England. By vernation is understood the arrangement of the leaves in a vegetative 
bud as a whole. The folding of each individual leaf in the bud is termed pttxis. The 
term aestivation is applied to the arrangement of the parts in a flower- hud. — Trans.} 
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hand, be so slight that the mature leaves of the shoot adjoin one 
another without leaving any free surface of stem l)etween them. 
As a rule, however, its amount and distribution is such that the inser- 
tions of the leaves become separated by bare regions of stem (Fig. 111). 
These are known as internodks, while the, transverse zones of the 
stem where the leaves are inserted are the NODES. The growth in 
length is much less in the nodes than in the internodes. In the 
latter it is often limited to a narrow zone, for example at the base 
of the internode in the Grasses. There are then a number of zones of 
intercalary grow^th in the stem separated by fully-grown regiotis. The 
nodes may be swollen (cf. Labiatae). 


In aerial shoots the internodes are usually thin, while they are frequently very 
thick in suhterranean shoots. 

The length of successive internodes of an axis exhibits a certain regularity. 

Usually it increases on asceniling a main 
axis and then dinn'iiishcs. 


Leaf Arrangement — ^1'he 
distribution or arrangement of the 
leaves is very characteristic of 
shoots, and exhibits great vai’icty. 
One or a number of l(‘aves maj^ bo 
borne at each node. When there 
are several leaves they form a 
WHORL and arc termed the 
members of the whorl, while the 
leaf arrangement is spoken of as 
VERTTCTLLAI’E. When there is 
only one leaf at each node the 



Fio. 91). — Transverse section of a bnd of Populus 
nigra, A% Bud-scales allowing imbricated 
aestivation [vernation] ; I, foliage leaves arrangement is ALTICRNAI'E. 
with involute vernation [ptyxisj ; s, each leaf 
has two stipules, (x U>. After Stuasburoeh.) 


arrangement 


A very remarkable and peculiar 
regularity is exhibited by the 
of leaves on all sides of erect shoots ; it is often 
at once evident when the growing point is looked at from above 
(Figs. 95, 100). The youngest leaf-rudiments adjoin the older ones 
in such a way as to best utilise the available space. The relations of 
position are best shown when they are plotted diagrammatically on a 
ground-plan. The position of the leaves is represented in the diagram, 
which is of a plane at right angles to the axis of the stem, as if the 
latter were conical and viewed from the tip; it is thus possible to 
indicate a higher position on the stem by a more internal position in 
the plan. Such ground-plans of leaf arrangements are called diagrams 
(Fig, 101). The centre corresponds to the apex of the stem; the 
leaves nearest to this are the youngest or uppermost, and those 
farther out are successively older and lower. It is convenient to 
indicate each node by a circle ; when there are several leaves at the 
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same node they are represented on the same cii-cle. Such diagrams 
agree with the figures of transverse sections of a bud in the neighbour- 
hood of the apex of the stfmi (Figs. 95, 100). 

It thus appears that TiiK lkavks on an eukct radial shoot ark 

DISPOSED AS REGULARLY AS POSSIBLE AROUND THE STExM. TlIIS 
ENSURES THAT THE EXPANDED l.EAVES DO NOT SHADE ONE ANOTHER 
BUT MAKE THE FULIxEST POSSIBLE USE OF THE LIGHT. The distribu- 
tion is so regular that the angle between two successive leaves {e.g. 
in Fig. 101, leaves 1 and 2, 2 and 3, etc.) is constant; this is termed 



Fu!. 100.— Transverse soeiion of ali'uf-bnd 
of can(n}e.n.siii, just below tbo 

apex of the shoot, showing a •j-’i diverg- 
enc(5. (xeircatIO, After IloKMBi.sTjiR.) 



Fkj. 101. -Diagram showing t position of 
leaves. The leaves numbered according 
to their genetic s«)(iuence. (After Stkah- 
muioKu.) 


the ANGLE OF DIVERGENCE, or, when expressed as a fraction of the 
circumference, the divergence. It is difierent in different kinds of 
plants. 

In tlio ca.se of vcrlicillately-arrangcd leaves the angle of divergence of a whorl 
(Fig. 102) is the circumference divided by the number of leaves, which is usually 
the same in each whorl. The members of successive whorls do not stand 
immediately above one another but alternate, so that the members of one whorl 
come above the intervals between those of the whorl below (Fig. 95, 102). The 
result of this arrangement, combined with the equality of the angle of divergence 
in each whorl, is that the leaves of such a shoot are arranged in twice as many 
vertical row's as tlicre are members in each whorl (Fig. 102). These longitudinal 
or vertical ranks are termed outuostichies. A frequent case of verticillate 
arrangement is that of whorls of two members (Figs. 95, 102). In this arrange- 
ment, which is termed decussate, the angle of divergence is 180® ; the divergence 
is thus and there are four orthostichies. If there are three members in a 
whorl the angle of divergence is 120®, the divergence and there are six 
orthostichies. 

When the arrangement of the leaves is alternate the divergence may be J (Fig, 
103), ^ (Fig. 146), I (Fig, 101), (Fig. 100), etc. Here also, owing to the 
uniformity of the angle of divergence, the leaves will stand in orthostichies on the 
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stem. With a divergence of i leaf 4 will stand vertically over leaf 1 (6 over 2, 

6 over 3, 7 over 1, etc.) ; with a ^ divergence (Fig. 101) leaf 6 comes over leaf 1, 

7 over 2, 8 over 3, etc. If one imagines the insertions of successive leaves connected 
by the shortest line passing round the circumference of the stem, this line will he 
a spiral. The alternate arrangement of leaves is therefore also sj>oken of as 
SPIRAL ARRANGEMENT. The Segment of this genetic s}»iral passing from leaf to 
leaf till one vertically over the starting point is reached is called a cycle of the 
spiral (e.ff. in Fig. 101 from 1-6 or 3-8). In the case of I divergence the cycle 
consists of three leaves and j)as.ses once round the stern. In f divergence (Fig. 
101) the cycle consists of five leaves and passes twice round the stem. In the 
fraction expressing a divergence the numerator shows how often the cycle 
passes round the stem, and the denominator how many leaves the cycle in- 
cludes. The latter also indicates how many orthostichies there are and which 

leaf will next be found in the same 
orthostichy. For example, in a 
divergence the stem will be passed 
round five times before the next super- 
posed leaf is met with, there are 13 
orthostichies, leaf 16 stands over leaf 
3 (3 + 13), and over leaf 8, leaf 21 
(8 + 13). Since the denominator always 
indicates the number of orthostichies, 


I 

Fio. 102. -—Diagram of the decussate arrange- Fio. 103.— Diagram of two-ranked arrange- 
ment of leaves. Tlie dotted lines are the meut of leaves. The dotted lines are 

orthostichies. (Modified after Stras- the orthostichies. (Modified after 

BUItOER.) fcJTRASRUROKR.) 

the J divergence is also spoken of as two-ranked, the divergence as three- 
ranked, etc. When the leaves on a stem are crowded and in contact, another series 
of ascending spirals becomes more prominent ; these are the parastichies. They 
come about by the contact of those leaves the lateral distance between which on the 
axis is the least. The parastichies appear very clearly on pine-cones from which 
Fig. 104 is prepared as a somewhat diagrammatic view from the base. In this view 
the parastichies appear as spiral lines. Several systems of parastichies running in 
the same direction are clearly apparent. One of these (indicated by the unbroken 
lines I-VIII) goes in the direction of the hands of a clock ; two cross this system, 
one being a flat and the other a steep spiral, and these are marked by the two types 
of dotted lines. Two systems of equivalent parastichies that cross can be used to 
determine the divergence (cf. Fig. 104). Denoting any particular leaf by 1, the 
number of the next leaf in the parastiohy is obtained by adding to 1 the number 
of the oblique ranks of that system which pass round the stem. There are 8 
parastichies indicated by unbroken lines, so that the next leaf in this parastichy is 
1+8=9 and the next to this 9 + 8 = 17, etc. Taking the opposite system of spirals 
there are 6 marked by broken lines (13 marked by dotted lines), and thus the 
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loaves in the system with broken lines are l+5~6, 6-1-5 = 11, and so on. In 
the dotted parasticliios, on the other hand, they are l-f-13 = 14, 14-1-13 = 27, etc. 
This regularity depends on the fact that in every system of parastichics there must 
be as many leaves between the successive leaves of one j)arastichy as the remainder 
of the parastichics of that system. (This, in the system indicated by unbroken 
lines in Fig. 104, is 7, and seven leaves intervene between 1 and the next leaf of 
the parastichy. This leaf must follow on l-f7 and therefore he number 9.) If 
all the leaves are numbered in this way the successive numbers 1, 2, 3, 4, etc., give 
the genetic spiral and the divergence. The pine-cone in Fig. 104 has the leaf 
arrangement and in accordance with this the leaves 1, 22, 43 come above 
one another— i.c. in the same orthostichy. When the divergences are determined 
in diverse plants with alternately-arranged leaves it is found that certain 
divergences are particularly 
common. The series 
I, 1 %. ' 2 ”i» ll etc., can thus 
be arrived at. These fractions 
have an evident connection 
with one another ; the numer- 
ator and denominator of each 
are the sums of the numerators 
and denominators respectively 
of the two preceding fractions. 

The divergences of this series 
all lie between J and I of the 
circumference of the stem. 

They deviate the less from 
one another as the start of 
the series is departed from 
and approach more and more 
an angle of 137" 30' 28". 

This series is termed the 
main series of leaf aiTange- 
inents. There are also other 
similar series, but the main 
series is characterised by the 
fact that by its divergences 
the most uniform spacing of 
the leaves on an axis is 
attained with the smallest number of leaves. The discoverers of this series were 
Carl Schimper and Alexander Braun. 

Erect radial shoots with elongated internodes or with broad leaves have usually 
few orthostichies, while those with short internodes and narrow leaves have many. 
In the latter case the divergences belong to : he higher members of the 
series. 

The arrangement of the leaves on inclined dorsiventral stems is relatively 
simple, A divergence of ^ or a similar arrangement is the most common ; by this 
the leaf surfaces can be placed horizontally and obtain favourable illumination. 
This is frequently attained by twisting of the internodes, which thus transforms 
a decussate into a two-rowed arrangement on inclined shoots. Similar changes 
occur in the case of alternately- arranged leaves in relation to the best utilisation 
of the light by the leaf-surfaces. The position of the foliage-leayes is nearly 
always an adaptation to the needs of the plant as regards light. In some 



Fig. 104.— Semi-diagrammatic view of a pine-cone seen ftvm 
below. Divergence of scales T-VIII, system of para- 
stichies running in the direction of the hands of a watch ; 
1-5, system of parastichies running in the opposite direc- 
tion. For further description see the text. 
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horizontal subterranean shoots {c.ij. of Ferns) the leaves stand in one or two rows 
on the upper side. 

Practically nothing is known of the causes of the regularity in the aiTangeinent 
of leaves. The assumption of Sciivvkndrnkii that jniroly nieclianical causes 
acting at the places of origin of the leaves detcnninod the arrangement of the 
latter has proved to be unfounded The leaves need not arise at the apex in 
the order of their genetic spiral, nor simultaneously as members o(* a whorl. 
Sometimes one side of a growing point may even ])redominate in the production of 
leaf-rudiments. The spiral arrangement of the leaf-rudiments on the apex need 
not be the same as that of the leaves on the fully grown shoot ; the divergences on 
the latter may be the result of secondary displacements. 


B. Primary Internal Structure of the Stem — The stem 

exhibits a much more advanced differentiation of tissues than the 



Fig. 105. — ^Transverse section of an int<*mode of 
the stem of Zea Ma is. Primary cortex ; pc, 

pericycle ; cv, vascular bnndlus ; gc, funda- 
mental tissue of the central cylinder. ( x 2. 
After ScHENCK.) 


long shoots of even the most 
highly segmented thalli. On the 
outside a typical EPIDERMIS forms 
its boundary layer, lleiicath this 
in the internodcs (the nodes have 
a more complicated structure) 
comes a zone of tissue free from 
vascular bundles and called the 
CORTEX. This surrounds the 
CENTRAL CYLINDER (Fig. 105), as 
the remaining tissue of the stem 
including the vascular bundles 
is called. 

It is practically desirable to maintain 
the conception of a central cylinder even 
though in some Monocotyledons the 
cortex cannot be clearly distinguished 
from the central cylinder and the 
vascular bundles occur close below the 
epidermis. 


Cortex. — The cortex is mainly composed of parenchyma. In 
green aerial shoots the peripheral layers contain chlorophyll, while 
those farther in are colourless and serve for storage rather than 
assimilation. In colourless subterranean stems, which often attain a 
greater thickness, it is composed of colourless parenchyma which, like 
the parenchyma of other regions of the rhizome, contains reserve 
materials. Mechanical tissue is also developed in the cortex. The 
stem in aerial shoots sustains the weight of the leaves and is exposed 
to bending by the wind ; it must be sufficiently rigid against bending in 
all directions. Kigidity is attained by the aid of mechanical tissue such 
as layers or strands of collenchyma or sclerenchyma ; this is placed as 
near to the periphery as possible, sometimes lying just below the 
epidemis of projecting ridges (Fig. 107, 1, 2), 
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As ScHWENDEKKii fiTst sliowed, the mechanical tissues which render a 
stem rigid against bending arc so arranged as to make the best use of the material. 
Rigidity against iiending while the least possible mechanical material is 
em))loyed is best attained by placing this in a peripheral jiositioii. When a 
straight rod (Fig. 106) is bent the convex side elongates and the concave side 
is shortened. The outer edges, a, a and a', a\ are thus exposed to the greatest 
variations in length, w hile nearer the centre (^, i ; i') the deflection and consequent 

variations in length are less. If instead of the uniform rod the mechanically 
effective material w^ere to be disposed as economically as possible, it should be brought 
close to the ])eriphcry. In this ])Osition it will oppose the greatest resistance to 
bending, and if bending takes place will be less easily torn or crushed than less 
resistant material. Every one knows how' great is the resistance to bending of an 
iron tube, even with thin walls. The builder attains a high level of resistance to 
bending by placing at the periphery of structures bars of mechanically effective 



Fig. 106 . — 1 . Longiiiulinal section of an elastic cylinder, before benrling (dotted outline) and after 
bending (heavy outline). After bending tbe convex si<ie (a') is stretched and the concave side 
(a) conjpressed. /, Connecting tissue. 

2. When the connecting tissue (/) is not sufficiently firm, the bands of stereome (a, a') curve 
independently and remain unaltered in length. (After Noi.r.) 

material parallel to one another and to the longitudinal axis of the structure. 
These are called girdeus. It is essential that these girders should be connected 
and kept at their proper distances from one another by a sufficiently rigid, but 
elastic, connecting tissue. Each rod or girder then forms with the one lying 
immediately opjiosite a material which occupies the line between 

the two rods being the connecting material. Were this connection wanting, each 
rod would be readily bent. In hollow structures, however, it is sufficient that the 
girders should be joined laterally. In large buildings the peripherally-placed 
bars have themselves the construction of I-girders, each being constructed of two 
connected bars. 

In many plants in the same way the mechanical tissue, forms a peripheral 
hollow cylinder which may eitlier come next the epidermis or be more deeply 
situated (Fig. 108 pc ) ; in others there is a system of similarly-placed strands 
of mechanical tissue lying side by side (system of simple girders, Fig. 107) : the 
latter arrangement may be combined with the complete hollow cylinder (Fig, 107, 2). 
In other cases each of the peripheral strands has itself the form of a I-girder (Fig. 
107, 8) ; only the outer bars of this consist of mechanical tissue, the connection 
being usually made by a vascular bundle (system of I-girders). 

These arrangements are oii the whole better shown in the stems of Monocotyle- 
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dons than in the primary structure of the stems of Dicotyledons and Gymnosperms. 
In the latter the rigidity can be increased by the secondary thickening. 

The innermost layer of cells of the cortex in the mature subaerial stems of land- 
plants is not usually specially characterised. This layer, may, however, be developed 
as a starch-sheath, or as a typical endodermis (especially in the subterranean 
shoots of land-plants and in the stems of aquatic plants). If developed as a starch- 
sheath its cells contain large, easily-movable starch-grains. 

Central Cylinder. — This is conn30sed of various tissues. The 
parenchyma, in accordance with its deep-seated position, is almost 
or quite colourless, and serves mainly for conduction or storage. 
The most important parts of the central cylinder are, however, the 



Fio. 107.— -Rigidity against bending. 1. Transverse'section of ayonngtwig ofSamhictis ; c, collen* 
chyma. 2. Part of the transverse section of a haulm of grass (MoUvia coerulea); Sc, ribs of 
sclerenchyina ; Sc R, sclerenchymatous ring connecting them laterally ; A, green assimilatory 
tissue ,* MH, pith-cavity. 8. Diagram of double girder on a larger scale, g, g, Girders ; 
ff connecting tissue represented by the vascular bundle, (1 and 2 after Noll.) 

VASCULAR BUNDLES which serve for transport of substances between 
the leaves and the root-system. 

When the central cylinder and cortex are sharply delimited by a sheath the 
vascular bundles do not as a rule abut on this, but are separated by a zone one or 
more layers thick (Fig. 108 pc) which is called the pebicycle. 

There is either only a single vascular bundle in the stem, as in 
some Ferns and in Lycopodium (Fig. 485), or there are a number of 
vascular bundles. In the latter case the bundles have a definite 
course and consequently a special arrangement as seen in a transverse 
section of the stem. In transverse sections of the internodes they 
appear arranged in a circle in the Horsetails (Eyuisetum) and most 
Ferns, Gymnosperms and Dicotyledons (Fig. 160). In Monocotyledons 
(Fig, 105), on the other hand, they are irregularly scattered. If the 
bundles form a single circle the tissue within this, composed of 
parenchymatous cells which are alive or may die at an early period, is 
distinguished as the pith (m). The tissue between the bundles forms 
the MEDULLARY RAYS (ms). This distinction is wanting when the 
bundles are scattered (Fig, 105), 
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There are also Ferns Pteridium^ Fig. 484) and Dicotyledons in which 
the vascular bundles form two {Oumrhita. Phytolacca^ Piper) or more (Amarantus^ 
PapavcTj Thalictrum) circles. 

The medullary rays may consist of parenchyma, but in a number of herbs their 
inner portion, between the xylem of adjacent bundles, is formed of sclerenchyma. 
This contrpists with the outer parenchymatous portions situated in the region of 
the phloem. 

Course of the Vascular Bundles. — In accordance with their 
functions the vascular bundles form continuous strands which in macer- 
ated preparations may be followed from the root-tips to the extremity 
of the leaves. This can be done by letting herbaceous plants lie 
in water until all the tissues 
except the more resistant vas- 
cular bundles have decayed and 
disappeared. 

The bundle of the root is 
traced to the base of the shoot, 
where it is continuous with the 
more complicated system of 
vascular bundles (cf. p. 130). 

The bundles in the stem may 
be traceable to the apex with- 
out passing into the leaves. 

Such bundles are termed 
CAULINE, and contrast with 
purely foliar bundles which 
immediately on entering from 
a leaf unite with cauline 
bundles. 

Thus in the Pteridophyta there 
may be a network of cauline bundles 
or a single central bundle {Lyco- 
podium^ etc.) with which the foliar bundles unite on entering from a leaf- 
base. 

As a rule, however, the bundles of the shoot bend outwards into 
leaves and are common bundles, the upper portion of which belongs 
to a leaf and the lower portion to the stem. One or several such 
bundles pass into a leaf and form collectiv\.ly what is known as the 
leaf-trace. The vascular system of the stem in the seed-plants consists 
as a rule entirely of these leaf-traces or common bundles. 

The leaf-trace bundles may remain separate from one another in 
the stem, but usually each descending bundle of the trace ends by 
joining another bundle that has entered from a lower leaf. A 
splitting or forking of the bundle may precede this junction. Such a 
reticulate arrangement of the bundles ensures a uniform distribution 
of the water supply, since each bundle of the stem as a consequence of 



Fia, 108. — Part of transversH section of a young stem 
of Aristolochia Sipho. e, Epidermis ; pr, primary 
cortex ; nt, starch sheatii ; c, central cylinder ; pc, 
pericycle, in this case with a ring of sclerenchyma 
llbi-es ; cv', pliloein, and cv", xylern portions of the 
vascular bundle; ch, cambium ring; m, medulla; 
m.<j, primary medullary ray. (x 48. After Sir as- 

BURQF.K.) 
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its subdivision provides water to a larger region ot the shoot. The 
general course of the bundles differs in different species according to 
the length of the free course of the single bundles of the trace, the 
course they follow, and the subdivision they undergo. The arrange- 
ment of the leaves naturally determines the places of entry of the 
leaf-traces into the stein. Their course in the stem is, however, quite 
independent of the leaf arrangement, and can be very different for 
one and the same type of 
this. 


In the Hoi'ft^etails, the Coni- 
ferae, and the Dicotyledons, 
all the leaf-trace strands pene- 
trate equally deeply into the 
stem, to pass down tliis as parts 
of the characteristic ring of 
bundles evident in transverse 
sections. The course of the 
bundles in the internode can 



Fio. 109.— Diajfram of the cour.se 
of the vascular bundles in a 
youDK branch of Juniperus nana 
shown on the unrolled surface 
of the cylinder. At k, k the 
vascular bundles passing to the 
axillaiy shoots are seen. (After 
Geyler.) 



P’lo. no.— Uiagrammatic representation of the course of 
the vascular bundles in a young twig of Taxus baccata. 
The tube of bundles is slit up at 1, and spread out 
in one plane. 


thus be indicated on the surface of a cylinder or represented as if this surface were 
flattened in one plane. Complications occur at the nodes by the leaf- trace 
strands being joined by transversely- placed oaulino strands ; cross connections of 
later development often occur in the internodes also. 

A relatively simple example of the arrangement of vascular bundles is afforded 
by the young shoots of Juniperus nana (Fig. 109), the leaves on which are in 
whorls of three. From each leaf a leaf-trace consisting of a single vascular bundle 
enters the stem. This divides into two about the middle of the internode below, 
and the portions diverge right and left to unite with the adjacent leaf-traces. The 
arrangement of the bundles in a young twig of Taamt ho/c^ta as shown in Fig. 110 
is less simple, though in this case also the leaf-trace consists of only one bundle. 
Kiteh leaf-trace can be followed down throng^ twelve intemodes.befiere it joins on to 
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another bundle. It hrst runs straight down for four internodes and then bends aside 
to give place to an entering trace, with which it later unites. In Taxus the leaf 
insertions, and consequently the places of entry of leaf-traces, have a divergence 



Fia. viticeUa. End of a branch 

which has been made transparent by the re- 
moval of tlie auper/lcia! tissues and treatment 
with caustic potash. Tlie emerging strands 
have been slightly displaced by gentle pressure. 
The two uppermost i>airs of young leaves (W i, 
bl 2) are still without leaf-traces, v, Apical cone. 
(After Naoeli.) 


of All example of leaf- traces 

composed of three bundles is afforded 
by young brandies of Clematis viticeUa^ 
the arrangement of the leaves on which 
is decussate. The median strands of 
the leaf-traces aud g and n and 
</, i and X ill Fig. Ill) run down 
through one internode, dividing at the 
next node into two arms which fuse 
w'ith the adjacent lateral strands of 



Fio. 11*2. — Diagrammatic representation 
of the course of the bundles in the Palm 
type. Two-ranked loaves encircling the 
stem are shown cut in their median 
planes. The leaves (4a, Bby Cd) are 
cut across close to the base ; the capital 
It- ters indicate the median portion of 
each. The stem is seen above in trans- 
verse section. (After Rothert, adapted 
from Rostafikski.) 


the leaves inserted at this node. The two lateral strands of each leaf-tmee (Fig. Ill 
c; «,/; h, i; o,p; r, s) are also free through the internode, but at the node 
below they curve inwards and become attached to the same lateral strands as the 
arms of the median bundle of the trace. 

The course of the bundles in the Monocotyledons follows a wholly different 
type (Fig. 112)* The individual bundles of the leaf-trace penetrate to different 
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depths in the stem and thus appear scattered on the cross-section. This results from 
the prolonged growth in thickness of the growing i)oint after the procanibial strand 
of the first and median bundle of the leaf is laid down. As a result of this 
the successively- formed procambial strands of the later bundles are ])lacod less 
deeply. This arrangement is especially well marked in the Palms (])alm type), in 
which each leaf-trace consists of the numerous bundles which pass into the stem 
from the leaf- base which completely encircles the stem. The median bundle 
penetrates to the centre of the stem, the lateral bundles, as the median line of the 
leaf is departed from, less and less deeply. In the longitudinal section of a stem 
in Fig. 112 only the median bundle for each leaf (J, B, 0) and one lateral bundle 
(a, bj c) are represented. In their further doumward course the bundles gradually 
approach the periphery of the stem, where they fuse with others. The number of 
internodes which each bundle traverses varies, being greatest for the median 
bundle. 

Structure of the Vascular Bundles — The bundles in the 

stem are strands of tissue of circular or elliptical outline in cross- 
section and always consist of xylem and phloem, i.e. are complete 
bundles (cf. p. 64). The sieve-tubes are the most important com- 
ponent of the PHLOEM-PORTION and the water-conducting vessels of the 
XYLEM-PORTION of the bundle. 

In the literature the xylem is frequently also termed wood, vascular tissue, or 
hadrom ; and the phloem, bast or leptom. 

The bundles are variously constructed in different cormophytes. 
In order to understand the construction of the vascular bundles 
and the differences between the various types their ontogenetic 
development must be taken into consideration. The primary vascular 
bundles are developed from strands of elongated meristematic cells. 
In these the differentiation of the tissues proceeds gradually over a 
period of time. So long as the portion of the plant is still growing 
actively in length the main portion of the strand of meristem remains 
undifferentiated. Only at limited regions of the strand, usually at 
the outer and inner margins, are a few elements transformed into per- 
manent tissue. These narrow elements, which are suited to undergo 
stretching, are on the one hand annular and spiral tracheides, and on 
the other sieve-tubes with or without companion-cells. They form 
the PROTOXYLEM and protophloem respectively. Only when growth 
in length is finished do the bundles become fully differentiated, the 
differentiation proceeding from the protoxylem and protophloem and 
resulting in the formation of wider elements (Figs. 116 i?, 117). The 
first-formed elements of xylem and phloem have ceased to be functional 
in the fully-developed vascular bundle. The protoxylem elements are 
then frequently compressed or torn by the stretching (Fig. 116 B, 
at a, a", Fig. 118, rp\ and in some cases their place is token by a 
lysigenous intercellular space (Fig. 116 1). This is filled with water 
and thus still serves for water-conduction (^2). The walls of the proto- 
phloem elements {q>) are swollen and their sieve-plates closed by callus. 
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Pio. 113, — ■lladial vaHcular bundle from the stem of 
Lycopodium IHppuris. p, Phloem ; pj>, primary phloem ; 
■x, xylem; xp, protoxylem. (x 30.) 


According to the arrangement of the xylem and phloem a distinc- 
tion can be made of radial, 

CONCENTRIC, and COL- 
LATERAL vascular bundles. 

In RADIAL vascular 
bundles (Fig. 113) there 
are a number of strands 
of xylem and phloem which, 
as seen in a cross-section of 
the circular bundle, stand 
side by side, alternating 
with one another. Seen 
from the side the vascular 
strands run parallel to one 
another and to the longi- 
tudinal axis of the part of 
the plant. The strands of 
xylem may meet in the 
centre of the bundle and 
so constitute a star-shaped 
mass as seen in transverse 
section. The ends of the 
rays are made up of the narrowest tracheides (protoxylem), while the 

vessels towards the centre are 
always wider (Fig. 113). The 
strands of phloem are situated 
in the depressions between the 
rays, the narrow protophloem 
elements being at the periphery. 
One or more layers of paren- 
chyma come between the xylem 
and the phloem. In radial 
bundles the differentiation 
proceeds, in accordance with 
the position of the first formed 
elements in the strands of 
xylem and phloem, from the 
peripl ery towards the centre, 
Kjidial bundles,- though charac- 
teristic of roots, occur relatively 
seldom in stems and are always 
solitary, as for example in the 
stems of Lycopodium. 

In CONCENTRIC bundles a central strand of xylem or phloem is 
surrounded on all sides by a cylinder of phloem or xylem. The 
bundle may be distinguished as concentric with internal xylem when 



Fio. 114.— Concentric vascular bundle with external 
xylem from the rhizome of ConvaJlaria ma^alis. 
phy Phloem ; xylem ; z, protoxylem. (After 
Rothbrt.) 
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the xylem is centrally placed, and as concentric witli outer xylem 
when this tissue is peripheral. The bundles in the majority of Ferns 
(Fig. 115) are of the former type, those in the rhizomes or stems of 
some Monocotyledons (Fig. 114) of the latter. In concentric bundles 
the development does not follow a single type, and in accordance with 
this the position of the protoxylem and protophloem is various. 



Fia. 115.— Transverse seetion of a concentric bundle from the petiole of Pkridium aquilimnn. w, 
scalariforrti tracheides ; $p, protoxylem (spiral tracheides) ; «c*, part of a transverse wall showing 
scalariform perforations ; ip, xylem parenchyma ; v, sieve-tiilws ; a, phloem imrenchyma ; 
pr, protophloem ; pp, starch layer ; e, endodermls. (x 240. After Staambubukr.) 

In the Pteridophytes the narrow elements of the protoxylem (Fig. 116 a3?)lie in 
groups in the strand of xylem, peripherally, centrally, or among the later-formed 
vessels. The xylem is surrounded by a sheath of parenchyma (2p). Outside this 
comes a zone composed of sieve-tubes (u) and parenchyma (s), the narrow proto- 
phloem elements being situated at the outer edge of this. 

In COLLATERAL vascular bundles (Fig. 116 A), which consist of a 
strand of xylem and as a rule a single strand of phloem, the xylem 
lies beside or rather behind the phloem. The median plane of the 
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bundle is always placed radially in the stem, the xylem being directed 
inwards and the phloem outwards. The protoxylem in collateral 
bundles is usually placed at the inner edge of the strand of xylem, the 
protophloem at the outer edge of the phloem, as the bundle is seen in 
transverse section. Such collateral bundles are characteristic of the 
shoots of the Spermaphyta and the Horsetails. Bicollatkral 



Fio. 116 .<4. — Transverao Hection of a clo.sod, collateral vascular ]3undle from the internode of a stem of 
ZeAi. Mais. a, Ring of an annular trachoide ; sjt, spiral tracheide ; m and m', vessels with bor- 
dered pits ; sieve-tubes ; x, companion cells ; epr, compressed protophloem ; I, intercellular 
passage ; vg, sheath ; /, cell of fundamental tissue, (x 180. After STRASBunotER.) 

bundles, in which the xylem is accompanied by a strand of phloem 
on the inside as well as on the outside, also occur, as for example in 
the stems of Cucurbitaceae. In Monocotyledons the collateral buti^es, 
are closed, Le, the whole bundle consists of permanent tissue, the 
xylem abutting directly on the phloem (Fig. 116 A), ^'3&ylnno- 
sperms and Dicotyledons, on the other hand, the bundles are usually 
OPEN, i,e, the xylem and phloem remain separated by S layer of 
meristematic tissue called the cambium (Fig. 117). In collateral 
bundles, the elements are developed in succession from the proto- 
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phloem on the outside and the protoxylem on the inside towards tlie 
middle of the bundle. If the meristem is completely used up in this 
process a closed collateral bundle results ; if some remains between the 
xylem and phloem the bundle is an open one. 

It is not at present known what relation holds between the arrangement ot 
xylem and phloem, or the position of the protoxylem and protophloeni, and the 
requirements of conduction in the jdant. 

In all vascular bundles the strands of xyj.km are mainly composed 
of narrower or wider lignified elements that serve for the conduction 
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Fio. 116 if. —Longitudinal section of a closed, collateral vascular bundle from the stern of MaU, 
a and a\ Rings of an annular tracheide ; v, sieve-tubes ; ft, companion colls ; rp, proto]>hloem ; 
I , intercellular passage ; vff , sheath ; sp, spiral tracheides. (x 180. After Sthasbitrokr.) 

of water. These may be traoheides and tracheae, or only tracheides. 
They occur singly or in groups, without intercellular spaces, among 
narrow, living, elongated and often unlignified cells of the conducting 
parenchyma (xylem-parenchyma)', or are surrounded by a sheath of 
this tissue (Fig, 115 lj>). In the Pteridophyta only tracheides are 
present, while in the bundles of Phanerogams both tracheae and 
tracheides usually occur (Fig. 116 a, sp, m; Fig 118 rp, $p, s, n, t)* 
In all bundles (cf. Fig. 118) the narrowest vessels are annular or 
spiral ; iJie others are usually reticulated ^or pitted, but in the Ptep* 
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dophyta the elements, apart from the protoxylom, are scalariform 
(Fig. 67 A). 

Ill the strands of riiLOEM of the vascular bundles (Figs. 115, 116) 
the SIEV.K-TUUES (v) are always accompanied by other living cells. These 
arc either the companion-cells (Fig. 116 which are usually shorter 
than the elements of the sieve-tubes with which they connect by sieve- 



Pin. 117. — Transverno section of an open collateral vascular bundle from a stolon of Ranu^ictdug 
repens. 5, Spiral tracheides ; m, vessel with bordered pits ; c, cambium ; i\ siovo-tubos ; vg, 
sheath, (x 180. After Strahbubger.) 

pits, companion-cells together with other elongated parenchymatous 
cells (phloem-parenchyma), or phloem-parenchyma only (Fig. 115 s). 
Intercellular spaces are wanting. 

Companion-cells only * occur in relation to the sieve- tubes of Angiospems. 
They are sister-cells to the members of the sieve-tube, cut off by a longitudinal 
division, and later undergoing as a rule transverse divisions. They are narrower 
than the sieve-tubes themselves, and are further distinguished from them by their 
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abundant protoplasmic contents. In sorno cases laticiforous- or mucilage-tubes 
occur in the phloem. 

The bundle as a whole is often more or less completely surrounded 
by a BUNDLE-SHEATH. This may have the form of parenchyma 
without intercellular spaces, the cells often containing large starch-grains 
(stauch-sheath) ; in other cases it is sclerenchymatous, or it consists 
of endodermal cells. It is not regarded as forming part of the 
vascular bundle itself. 

The sheaths frequently serve to limit the conduction of material to the vavscular 
bundle. Sclerenchymatous sheaths are most common at the outer side of tlie 



Fio. llS.—Longitudinal Hoctitui of the wO(m 1 <»f a collateral vascular bundle of Ivipatiens pnrriflora. 
rp, annular thickenings of an annular ])rot{jxylein element that is greatly stretched by the 
growth in length of the stem ; sp, stretched spiral protoxylem element ; s, spiral*, n, reticulate-, 
t, pitted-vesseL s, n, f, were only fully <le\ eloped after the growth in length of- the stem was 
completed. (X 120.) 

phloem, forming semilunar masses (Fig. IIG A, 117 vg), and are especially developed 
in relation, to the outermost bundles when these have a scattered arrangement. 
■When a sclerenchymatous sheath surrounds a collateral bundle it is frequently 
interrupted at the sides, opposite the junction of the xylem and jdiloem, by 
parenchymatous or less thickened and lignified elements. These regions facilitate 
the exchange of water and nutritive substances between the bundle and the 
surrounding tissues. 

The following conceptions regarding the phyloqbny of the types of vascular 
bundles appear to be established. All the evidence points to the assumption that 
a stem with a single central vascular bundle is relatively primitive. Such a bundle 
is found in the stems of a number of living and extinct Pteridophyta and in all 
roots. The simplest and phylogenetically oldest type of vascular bundle appears 
to be the concentric bundle with a solid central strand of xylem ; at least this 


DIV. I 


MORPHOLOGY 


101 


ajipears to be present in the young plants of nearly all existing Ferns (of. Fig. 119 A). 
The radial bundle also may be a very ancient type, as is suggested by its constancy 
in the roots of all living and extinct cormophytcs so far as our knowledge extends 
and in the stems of some cormophytes. No other type of bundle is found in both 
stems and roots. The variety as regards the construction and arrangement of the 
bundles, which is met with in the shoots of Pteridoi)hyta as contrasted with the 
Spermatophyta, leads to sj)ecu]ations upon the mode of origin of these various types 
of construction from stems with a single concentric bundle. There are stems (Fig. 
1 1 9 B) in which the vascular tissue of the single central bundle hasthe form of a hollow 
cylinder enclosing a central strand of parenchyma or pith (Gleichoniaceae, 
Schizaeaceae). In others (Fig. 119 E) the hollow cylinder of xylem is lined with an 
internal zone of phloem {e.ff. Marsilia). Lastly, there are cases (Fig. 119 F) in which 
the hollow vascular cylinder is j)crforated by rhombic leaf-gaps at the de])artiire of the 
leaf-trace bundles (c.y. Asjrulium filix'mas). Intiiislastcaseacross-scctionofthestem 



Fk 5. n<).— Diagrammatic figures of the types of vascular bundles. The pith and cortex are left 
white, the phloem shown by black dots, and the xylem by white dots on a black ground 
Explanation in the text. 


shows a number of typically constructed concentric bundles, with solid central strands 
of xylem, arranged in a circle. There are also Ferns (Fig. 1 19 C) in which a cylinder 
of xylem immediately surrounding the pith is divided by radial jdates of parenchyma 
into a number of longitudiually-rtmning strands of xylem placed side by side, the 
whole being surrounded by a continuous zone of phloem {e.g. Osmunda), Lastly, 
there are cases (Fig. 119 D) in which the phloem is correspondingly divided, so that 
the radial plates of parenchyma separate, as medullary rays, the collateral strands 
composed of xylem and phloem (e.g. rhizome of Ophioglossum). These examples 
show how either a reticulate tube of concentric bundles or a hollow tube composed 
of collateral bundles can be derived from a ceutrally-placcd concentric bundle. If 
we assumejthat the phylogenetic development has proceeded on these lines, it is 
clear that neither one collateral bundle of the Spermatophyta nor one of the 
circle of concentric bundles found in many Ferns is homologous with the central 
bundle of “ primitively constructed ” Pteridophyta. The totality of collateral or 
concentric bundles in such stems would be homologous with the single central 
concentric or radial bundle. According to this assumption, which is the essential 
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of the STJCLAII THEORY tlie single central bumlle is ternied tlie stej.e, and tlie 
circle of collateral or concentric bundles with the enclosed pith would also bo 
regarded as a stele since it is derived from the primitive stele. A single bundle 
may therefore represent the whole stele or a j>art of the stele. There is usually 
only one stele or central cylinder in the stem of tlie Spcrniatophyta (nionostcly). 



Pio. 120 . — Acer platanoides. A, External view of a bud, with two yoinif? leaves between which the 
apical cone of the stem is visible ; sp, the leaf-blade, in which live segments an? indicated, 
the uppermost one being developed first ; the zone, by the growth of which the leaf-stalk 
will arise later. Ji, An older leaf seen from the side ; the young va.s(;ular bundles, which will 
later determine the venation, are indicated. C, Fully-grown leaf, with the course of the 
vascular bundles indicated diagrammatically. A transverse section of the basal portion of 
a bud showing three vascular bundles in each leaf. E, A similar section at a higher level ; 
the number of vascular bundles has increased by branching. (After Deineqa, from Goebel’s 
Organography. A, J5, and E slightly magnified.) 

Cases are, however, met with in whicli the stele is divided (polystely) as in the 
stems of Auricula and Ounnera, 

(y) The Leaves (^^). 1. Development of the Leaves.— The leaves 
have been seen to arise exogenously at the growing point of the stem 
as lateral papillae or bulges (Figs. 94, 98/), which to begin with are 
unsegmeiited. These are the leaf primordia. Usually a young 
leaf occupies only a part of the circumference of the apex, but it 
may encircle the latter as an annular ridge. Several leaves forming 
a whorl may arise in the same way and only later appear as 
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distinct structures on the ring-sha23ed outgrowth. When whorled 
leaves arise independently they may either appear simultaneously 
or, as is more commonly the case, in succession 

In rare cases a leaf may be terminal on the growing jjoiiit. 

While the shoot by means of its growing point has an unlimited 
growth, the growth of the leaf primordia, which only continues at their 
tips for a short time, is limited. The tip, which often develops 
more ra^ndly than the rest of the leaf, is first transformed into 
permanent tissue. This assists in the protection of the youngest 
parts of the bud, a function which has already been seen to be 
undertaken by the leaves. The further growth of the leaf is as a rule 
effected by intercalary growth. Most frequently the change into 
permanent tissue proceeds from the ti|) towards the base. The 
growth is thus greatest and most prolonged in the leaf -base, where 
it continues until the leaf is fully developed. Well-marked and 
prolonged apical growth is on the other hand characteristic of the 
leaves of many ferns. 

WclwUschia mimhilis (cf. Fig. 630) beliaves in a peculiar way unlike all other 
oormopliytes. Above the cotyledons only a single pair of foliage leaves is formed. 
The basal zones of these grow in each annual period while the ends of the leaves 
are gradually withering. 

2. Different Forms of Leaves. — The leaves of the shoot have very 
diverse functions and are corresj^ondingly various in their form on the 
same stem, although in their origin they are alike. 

The main axis of the seedling bears first the cotyledons or seed- 
leaves which are situated on the hypocotyl (Fig. 152) of the embryo 
while it is yet in the seed. In the Monocotyledons there is only one 
such leaf, while the Dicotyledons and some Gymnosperms have two 
cotyledons and some Gymnosperms have more than two. Following 
on the cotyledons in the case of subterranean stems, and often also in 
those above ground, come a number of scale leaves (Fig. 121 
then in the case of aerial shoots the foliage leaves (tt), and still 
higher simply formed bracteal leaves The foliage leaves may 

be first considered, since the other forms have arisen by transformation 
of these. 

A. The Foliage Leaves exhibit a grea-i variety of form and 
segmentation, and these characters are largely employed in descriptive 
botany. As a rule, the foliage leaf is segmented into the flattened, 
thin, bright-green leaf-blade (lamina, Fig. 122 ,sj>), which is often 
inaccurately spoken of as the leaf ; the stem-like leaf-stalk (^letiole, 
Fig. 122 s) ; and frequently also into the stipules (w6) attached to 
the LEAF-BASE close to the stem or into a leaf-sheath (vagina, Fig. 
134 t;) more or less completely surrounding the stem above the node. 
When the leaf-stalk is wanting the leaf is termed sessile; when 
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present it is petiolatc. The segmentation is recognisable at an early 
stage in the primordial leaves, which are differentiated shortly after 
their origin into the leaf-base (Fig. 123 and B, g) and the upper 
leaf (Fig. 123 A, B, 6). From the leaf-base the siipulcs {g) arise 

or it forms a leaf-sheath or 



Pio. 121.— Lily of the Valley {fionvallaria majalis). nd. 
Scale leaves ; lb, foliage leaves ; hb, bracts ; b, flower ; 
ws, rhizome ; aw, adventitious roots. (Somewhat 
reduced. After Stbasbukoek.) 


a thickened pulvinus. Fre- 
quently it undergoes no 
special further development 
and is not distinguishable 
in the mature leaf. The 
leaf-blade (Fig. 120 sp) 
is developed from the upper 
leaf, and so also when this 
is present is the leaf-stalk 
(A, st). The latter develops 
relatively late by intercalary 
growth and is thus inter- 


X 9 



Fkj, 122, — Bird Cherry (Prunus 
avium). Bud-scales (l-.S)and the 
transition forms (4-6) to the foliage 
leaf (7) ; sp, leaf- blade ; s, leaf-stalk; 
nb, stipules. (Reduced slightly. 
After ScHENOK.) 


calated between the already present leaf-blade and leaf-base ; it is 
never inserted directly on the stem. 

(a) The Leaf-blade. External Form (Fig. 124). — The leaf-blade 
which is as a rule definitely dorsiventral and of a deeper green colour 
on the upper side, may be entire or divided (Fig. 120 C), or composed 
of a number of leaflets. Such compound leaves arise by a process 
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of branching from the margins of the primordia (Fig. 120 A). The 
leaves of Monocotyledons are usually simple, while compound leaves 
are common among Dicotyledons. 

The margin of simple loaves (Figs. 121 122 sp) may be entire or slightly 

divided. If more deeply divided the leaf is described as lobkd when the divisions 
do not extend half-way to tlie middle of the leaf-blade, when they reach half-way 
as CLEFT, and when still deeper as partite. The lamina is pai.mate (Fig. 138 1) 
or PINNATE (Fig. 136, 1-6), according to whether the divisions are directed towards 
the base of the leaf-blade or towards the midrib. Only when tlie separate divi- 
sions arc so independent that they appear as distinct leaflets borne on a common 
petiole or on the original midrib is the leaf spoken of as compound (Fig. 136, 1-5) ; 
in all other cases it is termed simple. The leaflets of a compound leaf may be so 
segmented during their develo])mcnt as to resemble the main leaf, and in this way 
a leaf may be doubly or triply compound or more highly segmented. Simjdy 
I)innate or hi - pinnate leaves 
bearing leaflets on the two sides 
of the rachis of the first or second 
order are of frequent occurrence. 

In laminae, which become more 
or less branched during their 
development, the lateral divisions 
usually arise in basipetal order, 
i.e. proceeding from the tip to- 
wards the base (Fig. 120 v/), but 
the opposite (aeropctal ) succession 
or a combination of the two is 
also met with. 

The lobed and frequently 
perforated leaf-blades of the 
Aroid, Monstera, originate by 
islands of tissue between the 
main veins dying and breaking 
down. The divisions of palmate and pinnate leaves of the Palms arise by a 
relatively late process of splitting within the originally entire, enlarging lamina. 
The direction of the dividing lines is determined by the folding of the young leaf- 
blade. Strips of tissue along the upper angles of the folds die, or their cell-walls 
become mucilaginous {e.g. in Cocos and Ghamaerops) (®^), 

Sessile leaves usually clasp the stem by a broad base. Where, as in the case 
of the Poppy {Papaver somniferum)^ the leaf-base surrounds the stem, the leaves 
are descriW as amplexicaul. 

The leaf-blade is traversed by green nerve: or veins which form 
a branched net- work. The thicker ribs project more or less from the 
surface on the lower side of the leaf, the upper surface often showing 
corresponding grooves. The finer veins become visible when the leaf- 
blade is viewed by transmitted light. Frequently the nerve in the 
middle line of the lamina is more strongly developed and is then termed 
the midrib ; in other cases several equally developed main nerves are 
present. Lateral nerves spring from the one or more main nerves 
(Fig. 124). 




B 


Fio. 123.— DftVf'lopmont of tlie loaf in the Elm, Uhnus 
campestris. J, Showing tlio vegetative cone, r, with 
the rudiiiionts of a young h'af, h, still iinseginonted, 
and of the next older hmf, exhibiting segmentation 
into the laminar rudiment, o, and leaf-base, [j. B, 
Showing the older leaf, viewed obliquely from behind, 
(x 58. After STRAsnniicEB.) 
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The course of the nerves determines what is known as the vp:nati()N of the 
leaf. Tlie leaves of most Coniferae are uni-nekved. In leaves with more 
numerous veins, the diciiotomotts venation must be distinguished as a special 
type which is characteristic of many Ferns and is also found in Gm/cifo hiloha ; 
there is no midrib present in this case (Fig. 620). Most other leaves can be dis- 
tinguished according to their venation as parallel veined or NKTTpm vpunpu). In 
parallel venation the veins or nerves run either approximately i)aralle] with each 
other or in curves, converging at the base and a])ex of the leaf (Fig. 134 s) ; in 
netted veined leaves (Fig. 131) the veins branch off from one another, and gradually 
decrease in size until they form a fine anastomosing network. In leaves with 

parallel venation the parallel main nerves are 
usually united by weakei* cross veins. Parallel 
venation is characteristic, in general, of the Mono- 
cotyledons ; reticulate venation, of Dicotyledons 
and of some Ferns. 

Internal Structure. — Foliage leaves 
exhibit considerable variety in structure, 
but are usually markedly dorsiventral 
(bifacial), the tissues towards the upper side 
being different from those below (Figs. 124, 
125). 

Many leaves, however, arc similarly constructed 
above and below (equifacial, centric, Figs. 180, 186). 
This is the case especially in forms which grow 
in relatively dry situations, exposed to strong 
sunlight, but also occurs in submerged aquatic 
plants. 



( a ) Epidermis. — The foliage leaf is 
bounded on all sides by a typical epidermis. 
In this, especially on the under side, there 

Fm. 124.— Diagram of a foliagfi leaf. . . i •! .i 

A, Surface view. B , Traneveree ^rc numerous stomata, while OH the Upper 

section ; .% plane of symmetry, sidc they aro oftcii absent (^J.y. in almost 
(After stkasburoer.) ^eciduous trees). 


On the under side there are on the average 100-300 stomata to the square 
millimetre, but in some cases more than 700 may occur. Floating leaves tend to 
have stomata only on the upper surface. 

The epidermis of the leaf may serve for water-storage and in such cases not 
uncommonly consists of several layers of cells. 

(6) Mesophyll (^). — The tissue of the leaf-blade between the upper 
and lower epidermis in the intervals between the ribs consists mainly of 
parenchyma and goes by the name of mesophyll. The finer veins are 
embedded in it. Beneath the upper epidermis (Fig. 125 ep ) come, as 
a rule, one to three layers of cylindrical parenchymatous cells elongated 
at right angles to the surface. These are called palisade cells 
(Fig. 125 pi; cf. 126 A), contain abundant chlorophyll, and have 
narrow, intercellular spaces between them. They constitute an 
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assirnilatory parenchyma. The cells often converge below in groups 
(Fig. 125) towards enlarged collecting cells (s). 

Ill the leaves of many trees, c.(j. the Copper Beech, diherences in the thickness 
of the palisade layer are met with, its dc 2 )th being much less in the “ shade-leaves 
than in the ** sun-leaves.” According to Noiidhausen’s investigations however, 



Fio. 125.— Transverse section of a leaf of Feu/us syhvif.ica. e.p, Kjodormis of upper surface; rp", 
epidermis of under surface ; ep"\ elongated ei)idonnaI cell above a vascular bundle ; pi, palisade 
parenchyma^ n, collecting cells; sp, sjjongy parenchyma; k, idioblasts with crystals, in k' 
with crystal aggregate ; st, stoma. ( x 360. After Hthasburqer.) 

no direct influence of the illumination exists. There are also plants {e.g. Lactuca 
scariola) which only form palisade cells in strongly illuminated leaves. 

In some plants layers of cells placed parallel to the surface instead of at right 
angles to it arc found in the usual situation of the palisade tissue. In the leaves 



Fig. 126, — Tangential sections through the mesophyll of the foliage leaf of Hdlehorusfoetidus. A, 
Palisade cells cut transversely. B, spongy parenchyma, (x 360.) 

of the Pine and some other plants the same position is occupied by large, more or 
less isodiametric cells the internal surface of which is considerably increased by 
foldings of the cell walls (Fig. 127 A, Bfp, c). 

Below the palisade parenchyma comes what is known as the 
SPOliGY PARENCHYMA (sjp), which extends to the lower epidermis 
The spongy parenchyma consists of irregularly -shaped cells with 
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wide intercellular spaces and less chlorophyll than in the palisade 
tissue. The wide intercellular spaces stfind in immediate relation to 

the stomata of the 

iriatod the number of 

St STOiiAOE 'J'ISSUE is fre- 

quently present in the 
mosophyll'(Fig. 129 IK). 

( c ) Nkrvks. — 
Within the nerves or 
veins one or more 
vascular bundles run. 
The abundant branch- 
B ing of these bundles 
to form a fine net- 
, , , , work is very charac- 

Fio. l'J 7 .— Leaf of Ptuvff stlvestnx. A, transverse section. f * f • f 4.1, if 

niodifin Hftrt.ion. ( ir)OA enidwriiis ! «/,. Riinti^n teriStlC 01 tlie leal” 



Fio. l'J7.— Leaf of Piunfi sUvestrix. A, transverse section. f * f • f 4.1, if 

median longitudinal section, (x ICO.) «, epidermis ; sJ, sunken ^^LlStlC 01 tuG Jeaf- 

stomata ; /p, as.siinilatory parenchyma with infolded walls ; blade and is shown 

resin caiials, the thin-walJed glandular epithelium (el) of which p]nor.]v in loaf alrolo 

is surrounded by a selereiicliymatous sheath, C, portion of SKClt- 

cell-wall fiorn the assimilatory parenchyma, (x 880.) tons obtained by 


resin canals, the thin-walJed glandular epithelium (el) of which p]nor.]v in loaf alrolo 
is surrounded by a .selereiicliymatous sheath, C, portion of SKClt- 

cell-wall fiorn the assimilatory parenchyma, (x 880.) tons obtained by 

macerating leaves. 

While the main nerves abut on the epidermis above and below, 
and interrupt the mesophyll, the finer veins are surrounded by 
mesophyll. 

The structure of the vascular bundles in the lamina corresponds on 
the whole to that seen in the stem. In Phanerogams the bundles are 
usually collateral, and since they are continuations of the leaf-trace 
bundles from the stem the xylem is directed towards the upper, and 
the phloem towards the lower surface of the leaf. 

As the bundles continue to ramify in the leaf- blade they become smaller and 
simpler in structure. The tracheae first disappear, and only spirally and reticulately 
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thickened trachoides remain to provide for the water conduction. The phloem 
elements undergo a similar reduction. In Angiosperms, in which the sieve-tuhes 
are accom})anied by companion cells," the sieve-tubes becoTue narrower, whilst the 
companion cells retain their original dimensions. Finally, in the cells forming the 
continuation of the sieve-tubes, the longitudinal division into sieve-tubes and 


comi>anion cells does not take place, and transition oklls are formed. AVith 
these the })liloem terminates, although the vascular portion of the bundles still 
continues to be represented by short spiral tracheides. The ultimate branches of 
the bundles terminate blindly (Fig. 128). 

The needles of Coniferae are usually traversed by 1 -2 longitudinally-running 
bundles which do not exhibit branching. 

Along the outer margin of the xylem there is 
a development of jieculiar, dead, tracheidal 
cells with bordered pits, w bile a corresponding 
development of cells rich in albuminous con- 
tents adjoins the phloem. This transfusion 
T issUK, which may extend more or less into 
the living tissue of the leaf, facilitates the ex- 
change of material between the nerves and the 
mosophyll. 


The bundles are surrounded by 
paronchymutous sheaths, which are 
composed of a number of layers of cells 
in the thicker nerves but of a single 
layer only in the finer branches. The 
cells of these sheaths are as a rule 
elongated and have no intercellular 
spaces. Strands of sclerenchymatous 
fibres are frequently present on one or 
both faces of the bundle (Fig. 129, 1), 
especially on the phloem side. Here, in 
the case of the larger bundles, the 
strand of sclerenchyma is curved; in 
cross-section it occupies the projection of the rib to the under side, and 
serves to give rigidity against bending to the lamina. 



Fiu. 128, — Terniiriatirm of a vfiKCUl.ar 
bundle in a leaf of purvi- 

flora, (x 240. After Scuknck.) 


In some leaves strands of sclerenchyma also occur between the bundles 
(Fig. 129, 1) and also at the leaf margin. Such sclerenchymatous or collcn- 
chymatous strengthenings of the margin are protective against shearing forces 
that would tend to tear the lamina (Fig. 129, 2). Largo leaf- blades which lack 
such marginal protection are torn by the wind {e.g. the b«nana, Fig. 853). 

Epithema and Water-stomata (®®). — The mesophyll of the leaf- blade in 
certain families of Monocotyledons and Dicotyledons forms peculiar structures 
between the swollen ends of vascular bundles and the epidermis. They are com- 
I>osed of small living cells with colourless cell-sap, the intercellular spaces being 
filled with water. These masses of tissue go by the name of epithema and bring 
about the excretion of drops of liquid water. In this process their function is 
mainly passive, since they represent places where the resistance to filtration is 
least. The tracheides terminate in this epithema, and in the overlying epidermis 
there is a peculiarly -constructed stpmatal apparatus in the form of water- 
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POKES (Fig. 130), which are of larger size than ordinary stomata. The guard- 
cells may be living and able to open and close the pore, but usually lose their 
living contents and the pore then remains permanently and widely open. I’he 
thickened ridges so characteristic of the guard-cells of ordinary stomata are usually 
lacking. The excreted liquid frequently contains calcium carbonate, which may 



Pio. rJ9. — Leaf of Phorm iim ivnax. 1. Tiansvcirse section ; Nr, l)l^lt(^san(l stmnds of sclerenchyma; 
A, assimilatory ])areiichynia ; H, epidermis ; IP, colourless wiitcr-storaKc tissue. 2. Edge of 
the same leaf; A’, thick brown epidermis ; R, marginal strand of sclerenchyma tibres. (After 
Noll.) 


remain as a white incrustation over the water-pores, as, for example, on the leaf 
margin in many species of Saxi/raga. 

At the tip of young leaves and of their marginal teeth such water-pores and 
epithcmata frequently occur, but are dried up on the mature loaf. Water-pores 
also are found at the leaf-tips of submerged plants from which ordinary stomata 



are absent. They tend to perish early, breaking 
down with the adjoining tissue to leave open 
pits by which water and dissolved substances 
may be expressed. 

From NKCTAiiiEs, either in flow'crs or on other 
parts of the plant, liquid containing sugar is 
excreted from special w^ater-stomata. 

Functions of the Leaf-blade. — The 

leaf-blades, as already mentioned, are 
the most important organs of nutrition, 
i,e, assimilation, and also of ti*anspiration 
Fio. 130 . ~ Water-i>ore from th« margin in cormophytes. Their form and struc- 
of a leaf of Tropaeolum majiis, with ^^re, their arrangement, and the position 

sunoimding epidermal cells, (x 100. '.i j x j- j.* 

After STRAenuEiiEB.) assume with regard to the direction 

of the light, correspond to this. Since 
the decomposition of carbon-dioxide is dependent both on light 
and on the presence of chlorophyll, the green colour of the 
lamina, the large surface exposed by it, its relative thinness 
and dorsiventral construction, are readily understood. The large 
surface enables a greater number of cells containing chlorophyll 
to be exposed to the light without shading one another; it 
also enables the carbon - dioxide to be obtained from the small 


proportion in the atmosphere, and at the same time facilitates 
the loss of water-vapour in transpiration. Since the passage of light 
through a few layers of cells filled with chlorophyll renders it 
ineffective for decomposing carbon-dioxide in the deeper layers, the 
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assimilatory tissue is placed towards the upper surface of the leaf- 
blade. The carbon-dioxide is mainly taken into the leaf through the 
stomata of the lower surface. It can thus diffuse rapidly through the 
wide intercellular spaces of the spongy parenchyma, which is essentially 
a ventilating tissue, to the active assimilatory tissue of the upper side. 
This will take place more rapidly the thinner the leaf is. 

The extensively-branched network of vascular bundles ensures the 
rapid passage of the products of assimilation from the assimilatory 
cells of every part of the leaf to the stem. At the same time it 
facilitates the most direct supply of water to all parts of the transpir- 
ing loaf-blade ; the leaf -blade serves for giving off water, while the 
stem serves for conduction of water. Lastly, the venation increases 
the rigidity of the lamina. 

It has been seen that the leaves arc so arranged on the stem that 
the leaf-blades, which on erect shoots have a more or less horizontal 
position, arc exposed 
to the light with the 
least shading by one 
another. Many leaves 
can place their blades 
at right angles to the 
incident light by their 
power of movement. 

In the case especially 
of dorsi ventral, plagio- 131 .- -Imparipinnato leaf of Phaseolm with pulvini, hg. Main 

tropous branches the 
leaf-blades seen from 

above are found to fit together more or less closely in a leaf-mosaic, 
the upper surfaces of all being exposed to the light. 

(b) Tbe Leaf-stalk usually resembles a stem, and in its internal construction 
Agrees with the midrib of the leaf-blade or sometimes with the stem. Typical 
assimilatory tissue is wanting, and the vascular bundles in the case of Angio- 
sperms are usually arranged in an arc, open above. The leaf-stalk serves to carry 
the leaf-blade away from the stem and to place it suitably with respect to the 
light. 

These movements of adjustment of the leaf to the light are sometimes carried 
out by special localised swellings at the base or the summit of the leaf-stalk, or 
in both situations. These leaf-cushions or ’pulvini W':‘rk like hinges and occur 
in many Legiiminosae (Fig. 131). 

The leaf-mosaics formed by the current shoots of woody plants depend not only 
on movements of the leaves but on the various lengths of the petioles and the 
various sizes of the leaf-blades. The lower leaves have much longer stalks (and 
larger blades) than the upper ones. This is seen in the Sycamore and Horse- 
Chestnut and very beautifully in the floating rosettes of the Water Nut {Trapa 
natans), 

(e) The Leaf-base — When the leaf-base of a foliage leaf is 
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specially formed, it usually serves to protect the bud and the younger 
leaves, enclosing the bud after the leaf-blade has unfolded. 

Stipules are frequently developed from the leaf-base ; they stand 
one on either side of the leaf to which they belong, forming a pair 
(Fig. 123). They may be inconspicuous (Fig. 122 nh) or larger, and yellow 
or green in colour. When they serve only to protect the bud they are 
usually yellowish or brown, more simple in their structure than the 
leaf-blade, and are soon shed. 

When the stipules take part in the assimilation of carbon-dioxide 
they are green and resemble the leaf-blade in structure (Fig. 202). 

The arrangement of the stipules exhibits eonsiderable variety. In many 
plants they occur as two free leaflets (Fig 122 nb). In others each stipule is united 
by one margin to the base of the petiole (sheathing stipules, Fig. 132 A) ; or they may 
be connected in various ways so as to form a tongue-shaped structure in the leaf-axil 
(axillary stipules, Fig 132 B) or so as to form a single structure on the opposite 



Fio. 182.— Stipules at the bases of petioles 
of the White Water lAlj^Nymphaenallfa). 
A, sheathing stipules ; B, Axillary 
stipules. (After OlOck.)* 



Fio, 188.— Node of Paronychia argentea 
(Cargophyllac(»ae). Right and left the 
leaves of a pair ; in front and behind 
the iiiterpctiolar stipules, (x 2^. 
After GlOuk.) 


side of the stem from the leaf (opposed stipules). When the leaves are opposite 
the stipules may be united in pairs so as to give rise to interpetiolar stipules 
(Fig. 133), The stipules of a leaf may also surround the stem and form a closed 
tube which encloses the younger leaves of the bud. This is the case in the 
India Rubber plant (Ficus elastica) which is frequently grown in dwelling-houses ; 
in this the sheaths are broken off at their bases and carried up on the next younger 
leaf as it unfolds. In the Polygonaceae they are broken through and remain as a 
dry sheath (ochkea, Fig. 648) surrounding the stem. 

In some species of Galium in which the stipules completely resemble the 
leaf* blades, there is an appearance of whorls of four, six, or eight leaves; 
in reality the arrangement of the two leaves is decussate, each leaf having one or 
more pairs of stipules according to the species. Only the two leaves have buds in 
their axils. 

The leaf-base may form a sheath ; this is more commonly the case 
in Monocotyledons than in Dicotyledons {e.g* Umbelliferae). In the 
Grasses (Fig. 134 «;) the sheath is split along one side, but in the 
Cyperaceae it is closed. The sheath of the grass leaf, which encloses 
an(i supports the lower delicate portion of the still growing internode, 
continues at the base of the sessile lamina into a membranous out- 
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growth called the ligule (1 ) ; at its base immediately above the node 
the sheath is swollen (Fig. 1 34 k), 

Heterophylly and Anisophylly. — Some plants bear diversely- 
formed foliage leaves either in diflerent zones of the stem (hetero- 
PHYLLY, Fig. 135, 136) or in the same zone, but on the two sides of 
the shoot which thus becomes dorsiventral (anisophylly, Fig. 137). 
Asymmetry of the leaves is often associated with anisophylly. Many 



Haulm ; v, leaf-sheath ; fc, swelling of 

the leaf-sheath above the node; s, Pro. 1S5. ~ Ranunculus aquaiilis. ub, Submerged 
part of leaf-blade ; 1, ligule. (Nat. leaves ; sh, floating leaves ; 6, flower ; /, fruit, 

size. After Sohenck.) (Reduced. After Schenck.) 

water-plants exhibit heterophylly, having I’bbon- shaped or highly- 
divided submerged water -leaves adapted to life in water and less 
divided stalked aerial leaves (Fig. 135). llie leaves which the Ivy 
forms on the flowering shoots are essentially different in form from 
those which the plant has previously borne. This difference is even 
more marked in Eucalyptus globulus, which first bears oval sessile leaves 
and then sickle-shaped leaves. Not uncommonly the lowest leaves 
of the seedling (juvenile or primary leaves) are more simply formed 
than the later leaves. 


I 
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B. The Seed-leaves or Cotyledons may be stalked or sessile, and 
are always more simple in form than the foliage leaves. I'hcy often, 
however, exhibit the same plan of segmentation. 

Tlie cotyledons may remain below the soil enclosed in the s(‘od-coat 
(hypogkal). In this case they are usually fleshy structures serving to store 
reserve food-material and are composed largely of storage- parenchyma. Epigeal 
cotyledons, which burst the seed-coat and appear above ground, tend to become 
green and then for a period assimilate carbon-dioxide like the foliage leaves. 



Fio. 136. — Seedling of Acacia pijctuinOia. The cotyledons 
have been thrown off. Tlio foliage hiaves* 7-4 are pinnate, 
the following leaves hi]>innate. The ])etiole8 of leaves 
5 and 6 are vertically exi>anded ; and in the following 
leaves, 7, S, 9, modified as pliyl lodes, bt?aring nectaries, 
71. (About nat. size. After Schekck.) 


C. The Scale - leaves 
and Braeteal Leaves, Avhil(3 
indistinguishable from the 
foliage leaves in the early 



Fio. \'i't,— SdaginnUa Martemi% Ani- 
sophylly of the dorsiventral shoot. 
On the n])per side of the stein are 
two rows of smaller asymmetrical 
green leaves and on either flank a 
row of larger asymmetrical leaves 
(slightly magnified). 


stages of development, are less differentiated than these when mature, 
being usually scale-like and sessile. They are developed by enlargement 
of the primordia, mainly from the leaf-base, while the lamina remains 
more or less undeveloped (Fig. 122 1-6, Fig. 138). Scale-leaves, either 
colourless or green, often occur on the aerial shoots before the foliage 
leaves (Fig. 121 wrf). They are also the only foliar organs on rhizomes, 
appearing as hardly visible and usually short-lived scales, while, in 
accordance with the development in darkness, foliage leaves are wanting 
(Fig. 121 ws, Fig. 139). The braeteal leaves, on the other hand, 
resemble in construction the scale-leaves on aerial shoots, but are often 
variously coloured and tend to succeed the foliage leaves as the 
subtending leaves and bracts of the flowers or inflorescences. The 
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internal structure of both scale-leaves and br^icts is simpler than that 
of the foliage leaves. They hardly takfe^part in the nutritive processes, 
but are usually protective structures for the young leaves or the buds. 


They are, however, connected with 
the foliage leaves by intermediate 
forms (Figs. 122, 138). 

'J’hat scale-leaves and bracts are to be 
regarded as arrested forms of foliage leaves 
is shown not only by the developmental 
history but by the possibility of deriving 
foliage leaves from their rudiments or 
primordia. Thus GOEBETi succeeded in 
causing leaf-primordia that would have 
formed scale- loaves to become foliage leaves 
by removing the apex and strii»ping the 
leaves from the shoots. Subterranean stems, 
when forced to develop in the light, form 
foliage leaves from the primordia whhdi in 
the earth would have become scale-leaves. 
In their internal structure, Ijowever, the 



scale - leaves and bracts are not merely 
arrested foliage leaves but frequently exliibit 
special differentiations connected with their 
particular functions 


Fig. l^S.—lIelkhorus fw.lUim. Foliage leaf (1) 
and intermediate foru)8 between tliia and 
the bract (A). (Reduced. After Schjcnck.) 


3. Duration of Life of Leaves. — In mcany plants the leaves have 
a shorter life than the stems on which they are boi'iie. The leaves in 
such plants are shed from the stems (leaf-fall) or, in the case of 



Fio. 130.-— Rhizome of PolygonaUm muHijUmm. «, Bud of 
next year’s aerial shoot ; &, scar of this year’s, and <?, d, c, 
scars of three preceding years’ aerial shoots ; «», roots. 
(I nat. size. After Schenck.) 


subterranean shoots, decay 
while still attached. The 
leaves and stems of the 
aerial shoots of herbs die 
off together. Leaf-scars 
mark the places where the 
fallen leaves were attached 
to the stem. Plants in 
which the foliage leaves 
remain active for several 
seasons are called ever- 
GREiiN in contrast to 
DECIDUOUS forms. 

The fall of the leaves in 


phanerogamic woody plants is effected by means of a parenchymatous absciss 
laybb (’1) which is formed at the base of the leaf-stalk shortly before the 
leaf is shed. In this region all the mechanical tissues of the petiole are greatly 
reduced, only the vessels being lignified. The separation of the leaf results 
from rounding off of the cells of the absciss layer, the middle lamellae 

becoming mucilaginous, while the vessels and sieve- tubes are broken through. 
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The protection of the leaf-scar is effected by the cells exposed by the wound 
becoming transformed into a lignified cutis-tissue and, later, by the formation of 
a layer of cork produced from a cork-cambium and continuous with that covering 
the stem. 


((S) The Branching of the Shoot — The more foliage 

leaves that can be exposed to the sunlight on a shoot the greater 
will bo the amount of organic substance formed by assimilation. In 
this respect, as will be evident, a branched system of shoots is greatly 
superior to a single erect shoot. 

As in thalloid plants the branching of the shoot can hap])en in 
two ways. Karely the shoot forks, dividing into two daughter-axes 
(dichotomy). Usually the branching is ijvteral, the daughter-axes 
being thus formed on the main axis, which continues its growth. 



Fig. 140. — Longitudinal section of a bifurcat- 
ing shoot (/») of Lycopodium alpinvm^ 
showing equal development of tho rudi- 
mentary shoots, p\ p " ; h, leaf-rudiments ; 
c, cortex; /, vascular strands, (x 00. 
After IIegklmaieb.) 


A. Dichotomous Branching. — 

This is confined to the shoots of 
some Lycopodiaceae. 



K 


Fio. 141.— Sympo- 
dium arising 
from successive 
dichotomies. 



Fig. 142. — Bifurcating shoot 
(p) of J^ycopodiuin inun- 
datum, showing unequal 
development of the rudi- 
mentary shoots, p', p" ; 
h, leaf-rudiments. ( x 40. 
After Hecjelmaier.) 


In such Club-Mosse.s, when a shoot is about to divide into two equal branches, 
the circular outline of the growing point, in which no apical cell is recognisable, 
becomes elliptical. In the position of the foci of this ellipse tho two new growing 
points project (Fig. 140). Not uncommonly in plants of this kind {e.g. in 
Stlaginella) the branch-system deviates from the typo described in that only 
one of the branches of each fork grows on further and again dichotomises 
(Fig. 141). If all the branches that in this way continue the branching are placed 
nearly in the same direction to which the other branches stand obliquely, the 
branch-system which results may readily be confused with racemose branching 
(Fig. 79 6). The main axis is, however, only apparently single, each portion 
being a daughter-axis of the portion that precedes it. Such an apparent axis 
is distinguished as a sympoditjm from a true main axis (monopodium), and the 
branching is sympodial and based on dichotomy. 

All transitions from dichotomous to lateral branching are seen in the 
Lycopodiaceae. Some species form from the outset two growing points of unequal 
size, the smaller being soon displaced laterally in respect to the larger one (Fig. 142). 



DIV. I 


MORPHOLOGY 


117 


B. Lateral Branching, (a) Place of Origin of the Lateral 
Buds. — On shoots composed of axis and leaves the lateral branches 
as a nile occur on the axis or at the extreme base of the leaf. They 
are usually developed at the growing point of the parent-shoot in 
acropetal succession as exogenous outgrowths of the surface, in the 
same way as the leaf-primordia arise (Fig. 94 g). Th6 positions in 
which the lateral shoots are developed are usually strictly determined. 
In Pteridophyta they frequently arise beside the leaf-primordia, but 
in Phanerogams, as a rule, where the upj)er side of the papilla forming 
the young leaf passes into the tissue of the growing point, i.e. in the 
LEAF AXIL. In some cases the branch is more on the leaf-base, in 
others it is distinctly on the main stem. 

Tho primordium of a lateral branch may arise from the tissue of the axis close 
above the leaf-primordium and either after the origin of the latter (Fig. 143 /) 
or before the leaf has developed. In the latter case the leaf-rudiment arises from 



Fio. 148.— DiagniinH of the developmental relations between the leaf-primordium and the axillary 
shoot. (After Gokbel.) 


the tissue to the lower side of the branch -primordium (Fig. 143 111). On the 
other hand, the branch may be formed from the young leaf-primordium (Fig. 
143 II). 

In the longitudinal section of a growing point in Fig. 94 the 
youngest rudiment of a lateral shoot {g) is already visible, projecting 
in the axil of one of the uppermost leaves. In the axils of the 
following leaves the branch-primordia, since they arose in acropetal 
succession, are larger and have begun to form their leaves. The 
shoots developed from such axillary buds are termed axillary 
SHOOTS ; the bud which terminates the growing end of the main shoot 
is termed, in contrast to the axillary buds, a terminal bud. The 
leaf, in the axil of which a bud stands, is its subtending leaf (Fig. 
145 db). The plane passing through the midrib of this leaf and the 
parent-axis is the median plane of the leaf. Usually the axillary 
bud is situated in the median plane of its subtending leaf, but it 
may be displaced laterally. It is the rule in Angiosperms that each 
foliage leaf has an axillary bud; in some jrymnosperms, on the 
other hand, there is not an axillary bud to ever ^ leaf. 


11 
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As a rule, only one bud develops in the axil of a leaf, but there are instances 
where it is followed by additional or acckssoiiy buds ; these either stand over 
one another (serial buds), as in Lonicera^ Rohinia, Glcditsehia, GymnocladuSy or 
side by side (collateral buds), as in many Liliaceae, e.r/. species of Allium and 
Muscari. 

A dis}>lacement from the position originally occupied by the members of a shoot 
frequently results from intercalary growth. A bud may thus, for example, become 




Pio. Hi.— At Ciiphea laruieolata (Lythraceae), the vegetative axillary ghoot in the axil of the 
lowest leaf on the left is not displatjed ; the shoot belonging to the lowest leaf on the right has 
formed a flower and is adherent to the stem to the level of the next pair of leaves. (J nat. 
size.) Ji, SamolvH valerandi (Primulaceae). The bract, is carried up on the axillary shoot, a, 
which ends in a fruit. (Nat. size. After Schenck.) V. Leaf of Helwingia (Cornaceae. East 
Asia.) The small raaleiinflorescence Is adherent to the foliage leaf to thii middle of its lamina. 
(After SiBBOLD and ;?ucrARiNi.) 

pushed out of the axil of its subtending leaf, and thus apparently have its origin 
higher on the stem (Fig. 144 A); ot a, subtending leaf in the course of its growth 
may carry its axillary bud along with it, so that the shoot which afterwards 
develops seems to spring directly from its subtending'leaf (Fig. 144 (7) ; or, finally, 
the subtending leaf may become attached to its axillary shoot, and, growing out 
with it, may thus appear to spring from it (Fig. 144 R). 

Shoots developing in ^/redetermined positions on young parts of the plant are 
designated normal, in eVtrast to adventitious shoots, which are produced 
irregularly from the old or (oung portions of a plant, such as steins, roots, or leaves, 
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and usually arise from permanent tissue which returns to the meristematic condi- 
tion. Less commonly they develop from meristematic tissue persisting in their 
place of origin. Adventitious shoots, which arise from the older parts of stems or 
roots, are almost always endocienous. They must penetrate the outer portions of 
their parent-shoot before becoming visible. Adventitious shoots formed on leaves, 
however, arise, like normal shoots, exogenously. 

Such adventitious shoots frequently sj^ring from the roots of herbaceous plants 
(^Convolvulus arvensis, Rumcx acetosella)^ or of bushes (liuhus^ llosa, Cori/lus)^ or 
of trees {Populus^ Ulmus^ liohinia). They may even develop from leaves, as in 
Cardamine praiensis, Nasturtium officinale, and a number of Ferns. An injury 
to a jdant will frequently induce the formation of adventitious shoots, and they 
frequently arise from the cut surface of stumps of trees. Gardeners often make 
use of pieces of stems, rhizomes, or even leaves (Fig. 260) as cuttings from which 
to produce new plants (^^). 

(b) The Position of the Leaves of Lateral Buds.— When the relations of position 




Kig. groiiml plan ov diagram, and jR, lateral view of a lateral bud of a Monocotyledon 

with a diverg<nice of i ; /«., jKirent-axis ; d6, subtontling leaf borne on this ; the daughter- 
axis ; vh, bracteole on this ; h, posterior, and r, anterior sides of the daught(5r-shoot. 

in a lateral branch of any order are to be examined, the branch is placed with its 
subtending leaf (Fig. 146 db), towards the observer (anteeior), and the parent- 
axis POSTERIOR (Fig. 146 m), and so that the median plane of the subtending leaf 
coincides with that of the observer. This median plane is then also the median ^ 
PLANE OF THE AXILLARY SHOOT (cf. Fig. 145 t). The plane at right angles to the 
median plane of the axillary shoot is then the transverse plane of the latter 
(cf. Fig. 146 A), Structures on the lateral branch which lie between the transverse 
plane and the subtending leaf are termed anterior (v), while those, lying between 
the transverse plane and the parent-axis are posterior [h). Right and left are 
applied to structures lying laterally with respect to the median plane. Median 
and transverse are applied to structures falling in these planes, while diagonal is 
used to refer to structures placed obliquely, Le. between the median and transverse 
planes. 

Independently of the phyllotaxis, the lowest leaves of a lateral bud which come 
next above the subtending leaf tend to occupy a definite position in relation to the 
latter and to the parent-axis. They connect the phyllotaxy of the lateral branch 
with that of the main shoot. In Monocotyledons there is one such bracteole 
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(Fig. 145 vb)t while in Dicotyledons there are two bracteoles ; they are usually 
scale or bracteal leaves. The bracteole in Monocotyledons is median and stands on 
the posterior side of the branch towards the main axis. It frequently has two 
lateral veins appearing as keels, wdiile a middle vein is wanting (Fig. 14.5 j4) ; it 
may thus he regarded as arising from the union of two lateral bracteoles In 
Dicotyledons the two bracteoles (a and /3) stand as a rule right and left in the 
transverse plane, the later leaves following in a different arrangement. 

Apart from this the lateral buds may show the same loaf-arrangement as the 
parent-axis or may differ from this. 

When the phyllotaxy is spiral the genetic spiral of the branch may either run 
in the same direction as that of the main axis (homodrornous) or in the opposite 
direction (antidronious). 

(e) Construction of the Branch System. — The general aspect or 
habit of every shoot-system depends, in atidition to the direction of 
growth of its main axis, on the following features : the number of 
orders of lateral axes that develop ; the position on the main axis 
of the buds which grow out as lateral branches ; the intensity of the 
growth and the orientation of the lateral axes of various orders in 
relation to one another and to the parent-axis. The variety in the 
general habit of the shoot-systems frequently also stands in relation 
to the mode of life of the plants. 

1. Direction of Growth of the Main Axis of the Shoot- 
System. — I'his, in the first place, determines the general type of the 
shoot-system. 

If the main axis stands at right angles to the soil, the shoot is termed 
ORTHOTROPOUS and the plant erect. In this case the more or less plagiotropous 
and dorsiventral lateral branches tend to be distributed radially when the plant is 
growing freely. If the main axis is growing obliquely or horizontally, and is thus 
PLAOiOTROPoirs, the arrangement of the branches is usually dorsiventral ; when 
such a main axis with its lateral branches remains on the surface of the soil or 
grows horizontally beneath this, the plant is creeping. The lateral branches tend 
to come from the flanks and the roots from the lower surface of the main stem 
In such a plant, when lateral branches grow up at right angles to the soil, they 
behave as regards their further branching like erect plants. 

2. The Order of Sequence of Shoots.— If the vegetative cone of the primaiy 
axis of a plant, after reaching maturity, is capable of reproduction, a plant with 
but one axis will result, and the plant is designated uniaxial or haplocaules- 
CENT. Usually, however, it is not until a plant has acquired axes of a second 
or third order, when it is said to be diplocaulesoent or triplocaulescent, or 
of the 7»th order, that the capacity for reproduction is attained. A good illustra- 
tion of a plant with a single axis is afforded by the Poppy, in which the first 
shoot produced from the embryo terminates in a flower. As an example of 
a triplocaulescent plant may be cited the common Plantain {Plantago major), the 
primary axis of which produces only foliage and scale leaves ; while the secondary 
axes give rise solely to bracteal leaves, from the axils of which finally spring 
the axes of the third order, which terminate in the flowers. In the case of 
trees, only shoots of the nth order can produce flowers. Thus a division of 
about commonly occurs in a branched plant, which finds its expression in 
dijOTerenoes of form between the sucoessive shoots.* These differ in appeamnoe 
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according to the special function performed by tliem, whether nutrition, storage, 
or reproduction. In addition to the essential members in the succession of shoots 
developed in a determined order, there are non-essential members which repeat 
forms of shoot already present. These may appear simultaneously with the 
essential shoots, and serve to increase the size of the plant, as in many annuals ; in 
many perennial plants they arise as yearly innovations on the stock. 

3. The Distiubution of Unfolding Buds. — Only in relatively 
few cases, as, for example, in herbs, do all the lateral buds of a main 
axis proceed to grow on as shoots. As a rule many more lateral buds 
are formed than ever unfold. The remainder become dormant buds 
or perish. Jt would be a needless or even injurious expenditure of 
material on the pai t of the plant were all the buds to expand, since 
tlie branches would overshadow one another and some would perish. 

Almost all trues jtossess, especially in the lower region of each annual growth, 
such dormant buds, which remain for a longer or shorter ]>eriod capable of further 
dovelo})ment and can unfold under special conditions. The dormant buds of the 
Oak, Beech, etc., may be a hundred years old. The shoots that arise on old stems 
often come from these buds and are thus not adventitious. 

Tlie unfolding of lateral buds may proceed acropetally or basi- 
petally, or exhibit no definite order. On highly -branched shoot- 
systems the more peripheral buds are favoured, since they have the 
best opportunity of favourable exposure of the leaves to the light. 

Nearly all our native trees form only resting buds through the summer while 
the main shoots are elongating. Later, usually at the commencement of a new 
period of growth, some of the uppermost buds formed in the preceding season 
grow into lateral branches. These branches may form a whorl or an apparent 
whorl [Araucaria j Pinus) ; more commonly tlie highest buds form long shoots 
while those below them become short shoots (Pear, Apple). 

4. Dirkction and Intensity of Growth of the liATERAL 
Bkanoues in Relation to One Another. — The lateral angle 
between adjacent lateral branches on an orthotropous branch may 
be very constant in any kind of plant {e.g, in Araucaria or Pinus). 

On the other hand, the intensity of growth of the lateral axes on the 
same main axis may show much variety. Frequently, with the 
appearance of a division of labour, only some of the branches are of 
unlimited growth, the others forming short scoots. The latter have 
usually a shorter life, tend not to branch, and do not take part in the 
persistent branch-system of the tree. In the Larch (Fig. 628), for 
example, the short shoots form short rosettes of needles on the older 
shoots of unlimited growth ; cf. also the Pine (Fig. 627). 

5. Direction and Intensity of Growth of the Lateral 
Branches in Relation to the Main Axis. Different Types of 
Lateral Branching.; — The angle at which the lateral branch is 
inclined to its main axis also tends to be very constant in any species. 
It is usually less than 90°, rarely greater. 
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The lateral branches may grow at the same rate as the parent- 
axis, or less rapidly, or much more rapidly. In the last case they 
take precedence of the main axis, the growth of which may cease 
entirely, while one or more lateral branches take over the continuance 
of the branching. Diversity in the resulting branch -systems must 
evidently result from such differences in the growth of the daughter- 
and parent-axes. This has led to the distinction of various types 
of lateral branching, a knowledge of which is indispensable to the 
understanding of the morphological construction of the higher plants. 
The differences are especially well seen in the inflorescences of the 
flowering plants (cf. Special Part). It is characteristic of many 
inflorescences that the axillary buds of all the bracts are developed 
further. Owing to this the inflorescences, in contrast to the vegetative 
shoot-sj^stems, form crowded branch-systems. 

(a) The term racemose branching is ap[died when the main axis 
grows MORE ACTIVELY than the lateral axes of the first order, and 
these in turn more actively than the branches of the second order 
arising on them ; also when the main axis grows as actively as its 
daughter axes. In the former case a true main axis or MONoroDlUM 
can be followed throughout the entire branch-system (cf. Fig. 79 h). 
Such typical MONOPODlAL branching is exhibited, for example, by 
the Pine and other Conifers with a pyramidal outline; the radial 
orthotropous main shoot grows vertically upwards under the influence 
of gravity (cf. p. 341), while the dorsiventral lateral branches of 
the first order diverge on all sides horizontally from the main axis. 
If the lateral branches of the first order grow erect, as in the Cypress 
and in many shrubs, there may be no difference iii length between 
them and the main axis ; the branch-system has in such cases an oval 
or spherical form. 

(b) The term cymose branching is applied when the main axis 
grows LESS STRONGLY than the lateral axes, which continue the 
branching and in their turn are overtopped by the branches they bear. 
The resulting appearance differs according to whether several, equally 
strong, lateral axes of the same order, or only one lateral axis, 
continue the branch-system. In the latter case an apparent main 
axis or sympodium is formed. 

In many cases of cymose branching the parent-axis not merely grows more 
slowly than the danghter-axes but its tip dies or is cast off. This happens in 
many of our trees such as the Willow or the Lime. 

I. If more than two lateral branches of the same order continue tlie brandling 
the term pleioohasium is used. Such lateral branches are usually approximated 
to the upper end of the parent axis and radiate on all sides obliquely upwards, in 
some cases being arranged in a whorl. The inflorescence of Euphorbia affords an 
example. 

II. If two lateral branches of the same order continue the branching and stand 
opposite to one another, forming an acute or right angle, the term diohasium is 
used. This is shown diagrammatioally in Fig. 146, with which the dichasial 
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inflorescence in Fig. 558 may be compared. A brancli system of this kind, another 
example of which is afforded by the Mistletoe, which grows parasitically on trees, 
simulates a dichotomy (Fig. 652). The successive pairs of lateral branches do not 
lie in one plane as in the diagram but stand at right angles to one another 
so that they diverge on all sides. Only a ground plan (Fig. 148 A’) can therefore 
represent tlie true arrangement of the members of the branch-system. 

III. When the branching is continued by a single lateial branch the term 
MONOCHASIUM is Used. Frequently this branch continues the direction of the 


I)arent-shoot, the tip of which is displaced to one side (Fig. 147). In this way 
a branch- system with a sympodial axis composed of lateral members of successive 
orders is formed, as was seen to be the case sometimes in dichotomous branching 
(p. 11 G). Such a branch-system may closely resemble monopodial branching, 
especially wiien, as is frequently the case, the sympodium stands vertically and 
the arrested ends of the branches appear as if borne laterally ui)oii it. They 
are distinguishable from truly lateral branches, however, by the regular absence 


of a subtending leaf, while a 
leaf which stands opposite to 
each apparent branch is really 


the subtending leaf of the ® 
(laughter-shoot that continued 
the sympodium (cf. Fig. 147). 





The further branching may also 

be sympodial. The branching 

of many trees, such as the Lime 

and Beech, is of this nature, li 

but the sympodial construction kk;. i4«.-))ia«i-am of the 

is not recognisable in the l)ioli»Kiuni. II, Axis of 



stems and branches. It remains the smiling; J, 5, Fio. 147.— Diagram 

evident, liowever, in many sub- (laughter-axes of the eor- of Monocha- 

,b.ot. .«h „ th. ;r “ '*■ 

rhizome of Polyg&natum multi- 


florum (Fig, 139). The terminal bud of each year's growth becomes the aerial 
shoot, while an axillary bud continues the growth of the rhizome in the soil. 

According to the relation of the lateral shoots of ditferent orders to each other 
there arise monochasial branch-systems of diverse and very characteristic construe 
tion. The branching frequently proceeds from the axil of a bracteole. 

A. The median plane of all the lateral slioots may coincide with the median 
plane of the lateral shoot of the first order. 

(a) The successive lateral branches are on the anterior side of the parent-axis, 
i.e. between the latter and the subtending leaf (cf. p. 119). In lateral view they 


thus fall on the same side, drkpanium (Fig. 148 G, D). 

(p) The successive axes stand on the posterior side oi jhe parent-axis (cf. p. 119) 
and in lateral view appear alternately right and left, khipidium (Fig. 148 Af B), 
B. The median plane of each lateral shoot (of the 1st, 2nd, 3rd order, etc.) 
is always transverse, i*e» right or left of the median plane of the subtending leaf 
on the parent-shoot. Such branch-systems can only be represented in ground plan. 

(a) The successive lateral shoots are placed always to the same side, either to 
the right or the left, bosteyx (Fig. 148 J^). 

(jS) The successive lateral shoots stand alternately to the right or left, oinciknus 
(Fig. 148 O). ' 

The bostryx and cincinnus are readily understood by deriving them from the 
ground plan of the diohasium (Fig. 148 



124 


BOTANY 


PART I 


Various types of branching are frequently combined in one branch-system. 
Thus cymosely-branched lateral shoots may bo borne on the racemose main shoot,’ 
TJio combinations are especially varied in the case of inflorescences (cf. the Special 
Part). 

(b) The Root 

The ROOTS of plants, which are usually situated in the soil (subter- 
ranean roots) and less commonly exposed to the atmosphere (aerial- 
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Pio. 148.— --4, Rhlpidiuin from the side ; J5, rhipidium in ground plan ; C, dre- 
panium from the side ; 7 >, ground plan of drepanium ; E, ground plan of 
dicliasium (the red line indicates the mode of derivation of the cincinnus 
and the blue line of the bostryx) ; ground plan of bostryx ; G, ground 
plan of cincinnus. i-.9, successive, relatively main axes. In order to make 
the relations clearer the successive axes in A-D and F, G are indi(jated in 
different colours. The subtending leaf borne by each axis has the same 
colour as the axis from which it springs, after Eichlbr, the rest 

modilied from Karbten.) 



roots), NEVER BEAR LEAVES. In this respect, as well as by the absence 
of the green colour, their appearance differs from that of shoots ; even 
of colourless subterranean shoots. Their chief functions are to attach 
the plant to the soil and to absorb from this water and salts that 
are conducted to the shoot-system. The functions of roots are thus 
very different from those of most shoots. 
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1. Growing Point. — The root grows in length at the tip, exhibiting 
APK^AL OROWTH ])y. means of its conical growing point. The latter 
requires to have the thin-walled meristematic cells specially pi’otccted, 
since, as the root grows, it is forced forwards like a needle between the 
angular ])articles of the soil. This protection is afforded by a special 
organ composed of permanent tissue which is called the root-CAP or 
OALYPTHA ; it covers the tip of the root as a thimble does that of the 
huger, the true growing point having an intercalary position within 
the tissue of the root-tip. The outer cell-walls of the root-cap become 
mucilaginous, and this makes the forward ])assage of the root easier. 
The root-cap is usually 
only recognisalile in me- 
dian longitudinal sections 
through the root-tip (Figs. 

149, IbO), but in some 
cases (Ptiudanu,^) the cap 
is to be clearly seen on 
the intact root. 

The very noticeable cai)S on 
the water- roots of Duckweed 
{Lenina) and of some Hydro- 
chari taceae are not really root- 
caps, as they are not derived 
from the root, but from a 
slieath which "envelops tlie 
rudimentary root at the time 
of its origin. They arc accord- 
ingly termed iioot-pockkts. 

The root-pocket performs all 
the functions of a root-cap. 

In resting periods, when 
the growth of subterranean 
roots has ceased, the parenchy- 
matous cells of the root-cap may become corky or converted into a cutis tissue 
which further encloses and protects the root-apex 

The growing point of the root is composed of meristematic cells 
from which the permanent cells of the root-cap are derived on the 
side towards the tip and the permanent tissue of the root on the 
basal side. 



Fio. 149.— -Median longitudinal section of the ai)e,x of a root 
of the Fern, rteridivin creticum. t, Apical cell ; initial 
cell of root-cap; root-cap. (x ICO. After Stras- 

BUROEK.) 


In most Pteridophytea the root, like the shoot, has a three-sided apical cell 
(^, Fig, 149) with the form of a three-sided pyramid. In addition to the segments 
cut off parallel to the three inner walls which contribute to the root itself, 
segments are formed parallel to the outer wall (k). These undergo further 
divisions and form the root-cap. 

The growing points of the roots of Phanerogams, on the other hand, have no 
apical cells. They consist of equivalent meristematic cells that are frequently 
arranged in regular layers. The apex of a root of one of the Gramineae (Fig, 150) 
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may be described as an exani{>le. The stratified meristcm, from which tlie 
permanent tissue of the root arises, is sejtaraied into an outer layer of cells, the 
DKHMATOOEN [d) ; a Central region formed of several layers which "ives rise to the 
central cylinder of the root and is called the tlekome {pi) ; and into a number 



fc, Calyptrogeii; d, dennatogen; k, its thickened wall; pr, periblem; j)l, plerome; en, eiubMlenriig; 
i, intercellular air-space in process of formation ; a, cell-row destined to form a vesseiT ; 
r, exfoliated cells of the root-cap ; s, large, moveable, starch grains in the colls of the root-cap. 
(x 180. After Strasboegeh and Koernjcke— modified.) 

of layers between the dermatogen and plerome which form the periblem. The 
dermatogen (d) and periblem (pr) unite at the apex in a single cell-layer, outside of 
which lies the calyptrogbn (i') or layer of cells from which the root-cap takes its 
origin. 

In many other roots, however (in the majority ortoicotyledons), the formation 
of the root-cap results from the periclinal division of the dermatogen itself, which, 
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ill that case, remains distinct from the peribleni. In Gynmospcrms, and in many 
Leguminosae, the dermatogen, periblem, and calyptrogen arc not marked out as 
distinct regions. 

2. External Features of the Root. — Behind the growing point 
the meidsteniatic colls enlarge greatly as they are transformed into 
permanent tissue, a marked elongation of the root accompanying these 
processes. By this growth in length, which begins close behind the 
apex and in subterranean roots is limited to a zone only 5-10 mm. 
long, the root becomes a cylindrical colourless Btructui*e. 

Tlie zone of elongation in aerial roots may be many centimetres in length. Its 
sliortncss in subterranean roots is evidently connected with tlie conditions of their 
life. 


At some distance from the root-tip, about the region where growth 
in length ceases, the koot-haiks (Fig. 151, Fig. 152 r), which are 



^ B 

Fro. 151. — Epidrrniis of tho root in longitudinal section showing root-liairs {D) 
and tlieir origin {A), (After Bothkht, semi-diagrammatic.) 


important appendages of subterranean roots, appear. They are 
localised tubular protrusions of the living epidermal cells with thin 
walls covered with mucilage. When seedlings, e»g., of Wheat are grown 
in a moist chamber they can bo seen with the naked eye, forming a 
delicate down on the surface of the root. They occur in enormous 
numbers {e,g. about 420 per sq. mm. in Zea Mays). Their length 
varies, according to the kind of plant, between 0*15 and 8 mm. They 
enlarge the surface of the root greatly (in Pimm, for example, twelvefold) 
and penetrate between the particles of the soil and become attached 
to them. Thus in the soil they do not retain the cylindrical form 
seen in moist air but are bent to and fro, and flattened, club-shaped, 
or lobed at the top (Fig. 234). They serve to absorb water and 
dissolved salts. They only live for a few days, the older root-hairs 
dying off as new ones form nearer the tip ; thus only a limited zone 
of the young root some centimetres or millimetres in length is clothed 
with them. The older smooth portion of the root serves for conduction, 
but has ceased to absorb the water. The surface often shows transverse 
wrinkling brought about by subsequent contraction of this region of 
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the root. This shortens the root so that, like a tense support, it 
anchors the shoot more firmly in the soil (cf. Fig. 200, 6). 


Root-hairs are wanting in some plants, especially those which can readily obtain 
water, as is the case with many aquatic and marsh plants. The roots of some 
aquatic plants, such as Nuphar luteu7)i, form root-hairs when they penetrate 



tlie soil ; the roots of marsh plants, such as Carex 
paludosa, when there is Jack of water. 

3. Primary Structure of the Root. — 

When the transformation of the ni eristematic 
cells into permanent tissue has taken place 
the same kinds of tissue are recognisable in 
roots as in shoots, their arrangement l>eing 
as a rule radially symmetrical. The surface 
of the younger portions of the root is })()unded 
by the thin-walled KPIDERMIS which, with the 
root-hairs borne upon it, serves for absolution. 
The ABSENCE OF STOMAFA and of a CUTICLE 
is characteristic of this layer. The epidermis 
of the root dies off with the root-hairs. The 
outermost layer of the cortex then forms a 
cutis-tissue called the exodermis ('®) on the 
surface, the cell-walls becoming more or less 
suberised (Fig. 153 ex). 

Some of the colls of the exoderinis often remain 
iinsubcrised and serve as transfusion cells. They are 
regularly placed among the corky cells and smaller 
than the latter. 

The remaining tissues of the root can be 
distinguished into cortex and central cylinder. 

The primary cortex of subterranean roots 
is composed of colourless tissue, which is 


Fkj. 152.— Seedling of Carpinus 
Betuliis. r, Zone of root- 
hairs near root-tip ; h, liypo- 
cotyl ; hw, main root ; w, 


usually parenchymatous. In the outer layers 
the cells are in close contact with one another, 
but intercellular spaces are present more 


lateral roots; z, Z', leaf; c, intemi In the cortex of aerial roots, on 
No!.?™*' chlorophyll is present. The 

innermost layer of the cortex is usually 
developed as an endodekmis (®®) (Figs. 153 e, 154 S, 156 s), 
which sharply marks the limit between cortex and central cylinder. 


Owing to the presence of the Casparyan strips on the radial walls of the epidermal 
cells (cf. p. 64), the central cylinder is to a certain extent shut off from the 
primary cortex ; the tangential walls of the young endodernial cells, however 
allow of passage of water between the two regions. In the older parts of the roots 
the cells of the endodennis become corky, and in many Monocotyledons are greatly 
thickened, but generally on one side only. Should thickening occur at an early 
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Fig. ir>3. — Transverse section of an adventitious root of 
Alliiun Cepa.. ep, lleinains of the epiilennis; rjr, exo- 
dermis ; r, primary cortex ; c, eiidoderinis ; cc, central 
cylinder, (x 45. After M. Kokhnickk.) 


stage, special endodermal cells, directly external to the xylem-strands, remain 
uuthickcried and serve as tkans- 
FUSION CKLLS (Fig. 156 d). 

The outermost layer of cells 
of the central cylinder lying 
immediately within the endo- 
dermis (Figs, lly 4: pc, 156 y?) 
forms the PERICYCLK ; this 
is usually a single layer and 
in rare cases is wanting. 

The strands of xylem and 
phloem run longitudinally in 
the central cylinder and in 
all roots form a radial 
vascular bundle (^'^) (cf. p.95). 

Foots are described as diarch, 
triarch, polyarch, etc., accord- 
ing to the number of tlie 
vascular strands. Thus the 
root in Fig. 154 is tetrarch and that in Fig. 156 pentarch. 

The vascular strands may either meet in the centre (Figs. 154, 156) or there is 
^ in this position a central 

strand composed of paren- 
chyma or sclerenchyma or 
a mixture of these tissues 
(Fig. 158). 

Most roots have to 
be constructed to resist 
pulling strains, and the 
mecliaiiical tissue isaccord- 
ingly mainly placed com- 
pactly in the central 
region (Fig. 155). For an 
organ that has to resist 
tension it is immaterial 
at what part of the cross- 
section the mechanical 
ti'^sues are placed. Their 
association in the centre 
to form a single strand 
is of advantage, however, 
Fio. 154. — Transverse section of the radial bundle of the root of since, if many thinner 
Hanuneulus aoer. R, Cortical parenchyma; 5, endodermis ; pc, g+rands were situated neri- 

pherally, a one-sided Vll 

ttOTHivttx modified from lliPPEL.) ^ w ^ ^ i. 

might rupture some of 

these more readily. Sometimes mechanical tissues are also present in the cortex, 
(Fig. 166 2) and in such cases the roots are also rigid against bending and 
compression. 

K 
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Tlie continuity of the xylem- and phloem-strands of the radial bundle of 
the root with the corresponding tissues of the differently -constructed bundles 
of the stem (”‘) is effected at the junction of the root and stem of the seedling. 

It need only bo briefly described 
for the most common case of plants 
in which the bundles of the stem 
are collateral (ef. Fig. 157). The 
essential fact of the transition is 
that each of the strands of xylem 
of the root rotates through ISC'" 
round its longitudinal axis. Accord- 
ing to CiiAUVEAUiJ the protoxylem 
strands do not take part in this 
movement, but are absorbed. A 
number of collateral vascular bundles 
are reconstituted from the tissues 
of the radial bundle of the root 
by the radially-arranged xylem and phloem taking up the collateral position. 
This happens in different ways, of which two main types may, according to Van 
Tieghem, be distinguished : 1. The strands of xylem when rotating follow a 



Fio. IfiS.— Meclianical tissue of roots. 1, Centrally 
placed to resist lonKitudinnl luilling stmins ; 2, 
pro]) root with a ptuipheral layer of mechanical 
tissue (I*) to resist lateral pressure, in addition 
to the central strand. (After Noll.) 



Fia. 166.— Transverse section of the radial bundle of the root of Allium fismhuicuvi. a, 
Endodermis with the inner walls thickened ; d, transfusion-cells ; p, pericycle ; g, large central 
vessel. (Rothkrt after Habehlandt.) 

straight course from the root to the stem ; the strands of phloem of the root, on 
the other hand, divide radially, the two halves separate tangentially, and, uniting 
with the portions derived from adjoining strands of phloem, come to lie outside 
the xylem-strands (Fig. 157, A). 2. The phloem-strands of the root follow a 

straight course into the stem, but the strands of xylem which rotate through 180° 
split radially ; the halves separate tangentially (as the phloem-strands did in 
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Type 1) and, uniting with the portions derived from the adjoining strands of 
xylein, place themselves internal to the strands of pliloem to constitute the 
collateral bundles (Fig. 157, B). variant of the second, and more frequent, type 
is characterised by the phloem-strands as well as the xylem-strands dividing ; in 
this case there are in the stem twice as many collateral bundles as there were 
xylern- (or phloem-) strands in the root. 

4. Branehingr of the Root. — By this process, in which a root 


,| always gives rise to roots, the root-system can penetrate the soil in 

12 3 4 



Fio. 157.— The transition from the radial bundle of the root to tlie collateral bundles of the stem 
represented diagramtuatically, after the descriptions of Van I’lEtuiEM and CHAtivF,AiM>. Cortex 
and pith, white ; phloem, black dots ; xylem, white dots on black giound. Further explana- 
tion in the text. 

all directions and obtain from the whole space thus occupied water 
and dissolved salts. 

Dichotomous branching by an equal division of the growing 
point only occurs in some Pteridopliyta (Ly copod inae). 

With this exception the branching of the root is lateral (Fig. 
152), the lateral roots, in contrast to the lateral shoots, originating at 
some distance from the growing point where the meristematic cells 
have been transformed into permanent tissue. They arise endo- 
genously (Fig. 158) within the tissues of the parent-root and in 
acropetal succession. The growing point of the new root is formed 
from the innermost layer of the cortex in Pteridophytes and from 
the pericycle in the Phanerogams ; a group of parenchymatous cells 
commences to divide, the cells returning to the meristematic condition. 
The lateral roots break through the whole thickness of the cortex as 

S y emerge in the order of their development from the main root 
3 ruptured cortex is frequently recognisable as a sort of collar 
round the base of the lateral root. Other lateral roots may form 
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subsequently between those already developed and on older parts of 
the root. 


The lateral roots always stand in veutical series on the parent-root 
This arrangement is determined by their always arising either op})osite one of the 
longitudinally-running strands of xylem (Fig. 158), or opposite the plate of con- 
ducting parenchyma which separates a strand of xylem from one of phloem. The 
number of vertical series of roots is thus either the same as the number of strands 
of xylem, or twice this. 


The structure of the lateral roots corresponds with that of the 
main root, and the xylem and phloem are continuous from the 
one to the other. 

5. Roots borne on Shoots. — Roots not only arise from other 
roots but may be developed from the shoot, both from stems and 
leaves. They are usually endogenous. In Ferns they arise from 

raeristematic tissue in the region of 
the growing point of the shoot. 

A very usual ])lai;e for such adventitious 
roots to arise is at the nodes of the stem ; 
they replace the primary root-system wdiicii 
has been lost when the older i>art of the 
jdant died off (*’*^). They are especially 
“a M d numerous on the under side of rhizomes 

Fig. 158. — Transverse section of the root (Fig. 139) and creeping shoots. A young 
of riciu Filin showin^^ the origin of a shoot, or a cutting planted in moist soil, 
lateral root (r). e, KndodoiTnis ; p, peri- quickly forms adventitious roots, and roots 

cycle; d oorta ; y xylem-stracd; ^ „rise in a similar manner from the 

phloem -strand of the radial buiuile. 

(X 40 . Somewhat diagrammatic.) ^^ses of leaves, especially from Begonia 

leaves when planted in soil (^^). 

Donnaiit root-rudiments occur in the same manner as dormant buds of shoots. 
Willow-twigs afford a special case of the presence of such dormant rudiments of 
adventitious roots, the further development of which is ea.sily induced by dark- 
ness and moisture. 



6. Appearance of the Root-System. — The lateral roots of 
successively higher orders are as a rule thinner and grow less strongly 
than their respective parent-roots. The whole root-system is thus 
typically RACEMOSE. 

The ultimate branches are usually short and have a limited period of exist- 
ence ; they may be termed absorbent rootlets. 

The root-system, like the shoot-system, further owes its general 
appearance to the fact that the main and lateral branches take up 
distinct positions in space relatively to one another ; this depends on 
differences in their geotropism (cf. p. 341). 

Many Dicotyledons {e.g. Lupin, Oak) and Gymnosperms (Abies) 
possess a radial main-root or tap-root (Fig. 152) which, from the 
seedling onwards, forms the downward continuation of the main stem 
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and grows vertically down into the soil (orthotropous). On this 
radial lateral roots of the 1st order arise, which penetrate the soil 
horizontally or obliquely (plagiotropous). The lateral roots of the 
2nd order arise in turn on those of the 1st order. They tend to 
grow on all sides from the latter so that the branches of the root- 
system penetrate the soil as uniformly as possible in all directions, 
and, as branching continues, do not leave a cubic centimetre unused. 
In other Dicotyledons and Gymnosperras {e.g. Potato, Pine) the root- 
system may be more superficial. 

A tap-root is usually wanting in Monocotyledons since it becomes 
arrested in the seedling stage. In its place numerous roots arise 
from the base of the stem and penetrate the soil vertically, obliquely, 
or horizontally. They branch monopodially, bearing lateral roots of 
successively higher orders which penetrate the soil in all directions. 
In the Wheat, for example, there is no tap-root, but the root-system 
continues to extend in a horizontal plane. 

The length of all the roots of a plant taken together is surprising. 
Thus for a plant of Wheat it may amount to some hundreds of metres. 

Some of the roots of trees in tropical forests are developed in a i)eculiar fashion. 
The extraordinarily high and thick stems of many such trees are supported at the 
base by strong vertically-placed buttress- hoots. In other cases support is given 
by aerial roots growing down from the branches to the earth and attaining the 
thickness of woody trunks (PKor-uooTS, e.g. in species of Ficus, cf. Fig. 654). 


(c) Growth in Thickness of the Cormus 

It has been seen that the additions to the root and shoot 
made by the increase in number of the meristematic cells in the 
growing points increase in length as they mature. A certain increase 
in thickness of the parts is associated with this growth in length ; 
this depends on the enlargement of the cells on passing from 
the meristematic condition and not on increase in their number 
(primary growth in thickness, cf. Figs. 94, 96, 98, 111). This, 
as a matter of fact, is slight, but is often followed in stems and roots 
by processes of growth that will now be considered. 

The larger the shoot- system becomes the more readily will it 
escape overshadowing by other plants and form more organic 
material. Thus in many plants the growth of the small seedling 
with a few leaves leads, with the accompanying branching, to a cormus 
of the size of a large tree bearing a very large number of leaves. 
The increase in the aerial shoot-system and in the number of leaves 
makes progressively great demands on the water supply from the 
roots, which can only be met by the increase of surface and the 
branching of the root-system; in many cases additional roots are 
developed from the stem. All increase of the root-system, however, 
depends on a supply of organic food materials manidactured in the 
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leaves, I'hus the further development of the crown of foliage and of 
the root-system are intimately related to one another. The increase 
in size of the shoot- and root-systems further presupposes that a 
sufficient number of conducting tracts in the stems and roots can be 
developed, both for water and for organic materials, and that the stem 
should be strong enough to support the increasing weight even when 
exposed to wind. There is thus an intimate connection between the 
size of the cormus and the formation of conducting tracts in its axes 
and the rigidity of the shoot. 

The rigidity requires to be greater the larger the plant becomes 
and the longer it lives. Plants or shoot-systems which only live for a 
limited period and die off after bearing reproductive organs have 
usually herbaceous structure (herbs). Large co,rmi which live for 
many years and bear fruit repeatedly have as a rule the rigidity 
of their stems and roots increased by the formation of wood. Such 
woody plants are called SHRUBS if they do not exceed a moderate 
height, and retain their lateral shoots so that their branches are 
formed near the ground. They are called treks (■'^^), on the other 
hand, if they attain a greater height, have a main stem or trunk 
(which must have the type of rigidity possessed by a pillar), and 
usually lose their lower branches at an early period. 

In catalogues and descriptions of plants the duration of the period of growth {^) 
is usually expressed by special symbols : thus 0 indicates an annual ; © a biennial, 
and H a perennial herb ; h is employed to designate shrubs, and lor trees the 
sign h is in use. 

The requirements, both as regards the number of conducting 
tracts and the necessary rigidity, are met in a variety of Avays in 
cormophytic plants. 

In the first place, there are plants in which the main axis of the 
seedling and any lateral branches that arise attain a sufficient thick- 
ness and develop sufficient mechanical and conducting tissues before 
growth in length ; when this takes place later the thickness is 
^equate for the future increase in size of the plant. The primary 
root in such cases remains thin and usually dies off early, while as 
many roots as are necessary arise from the basal portion of the shoot. 
To this FIRST TYPE belong the majority of Pteridophytes and 
Monocotyledons, including nearly all the forms that have definite stems 
(Tree-ferns (Fig. 511), Palms, Pandanaceae, certain Liliiflorae). 

Thus in such plants as the Palms the embryonic stem remains very short on 
germination. The primary meristem of the flattened growing point increases in 
breadth, leading to the axis of the seedling, from which the columnar stem will 
proceed, having a considerable thickness from an early stage. (Fig. 825.) In 
such forms as the Palms and Pandanaceae the stem may continue to increase 
slightly in thickness after the permanent tissues have developed by a process 
of expansion of the cells. The cells of the sclerenchymatous*^ strands which 
accompany the phloem of the vascular bundles may thus increase in diameter 
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leading to an enlargement of tlie strand as a whole. In places this growth 
in tliickness may be accompanied by divisions in parenchymatous cells {e.g. in 
some Palms). 

Secondly, there are plants in which long slender stems and roots 
with only a few conducting and mechanical elements are first developed. 
A limit would soon be set to the supply of water to the leaves and of 
nutritive material to the root-system, and thus to the increase in size 
of the plant, by the small number of conducting elements in the 
primary stem and root. Provision is, however, made for an increase 
in the conducting and mechanical tissues corresponding to the needs 
of the growing plant. This is effected by a continued process of cell 
division forming secondary tissues and leading to a SECONDARY 
GROWTH IN THICKNESS of the stem and roots. Secondary tissues 
are those that are added to or replace the primary tissues as a result 
of the activity of a secondary meristem or cambium (cf. p. 44). Such 
secondary growth occurs in herbaceous as well as in woody plants. 
The majority of herl)aceous and woody Gyinnosperms and Dicoty- 
ledons and some arborescent Liliiflorae belong to the second type 
The primary thickening or maturing of the stem and root dependent 
on the enlargement of cells is in them followed by increase in number 
of the cells in a special meristematic zone, the cambial ring. 

Secondary growth in thickness was present in certain Pteridophytes known 
to us as fossil remains, but only became of general occurrence in the Gymnosperms 
and Dicotyledons. 

Secondary Growth in Thickness of Monocotyledons. — In some 
arborescent Liliiflorae {Dracaena^ Cm'dylme, Pmvf, Alo(^ the axis 
exhibits growth in thickness due to a secondary meristem. This 
arises in the cortex where it abuts on the central cylinder in which 
the vascular bundles are scattered in the manner characteristic of 
Monocotyledons. In transverse sections divisions can be seen to 
begin in an annular zone of mature cortical cells. In Dracaena this 
happens at a considerable distance from the growing point, but in 
other cases it may start close to it, A cylindrical meristematic zone, 
a number of cells deep, is thus formed ; the cells are prismatic and fit 
together without intercellular spaces. As a result of the formation of 
tangential walls, cells continue to be cut off* towards the inside, and 
later some are formed to the outside. The latter become secondary 
cortical tissue ; the cells to the inside develop into concentric vascular 
bundles, in which the xylem surrounds the phloem, and parenchy- 
matous tissue with thickened and lignified walls (Fig. 159). 

The meristematic cells have a rectangular shape in transverse and radial 
sections, while in tangential section they are polygonal ; they are thus tangentially 
placed flattened prisms (cf. Fig. 162 A, II), 

True secondary thickening of the root in Monocotyledons is only known in the 
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case of the genus Dracaena, The canibial ring arises in the cortex of tiie root just 
outside the endodermis. 


Secondary Thickening of Gymnosperms and Dicotyledons. 1. 



Fio. 169.— Transverse section of the stem of 
Cordyline {Dracaena) ru,bra. f', Primary 
vascular bundles ; secondary vascular 
bundles ; leaf-trace bundle within 
the primary cortex ; w, jjarenchymatous 
fundamental tissue ; s, buudle-sheath ; t, 
tracheides ; c, cambium ring ; cr, cortex, 
the outer portion being primary, the inner 
secondary cortex ; ph^ cork caiabitim ; Z, 
cork; r, bundles of raphides. (x 80. 
After STKASBUBOfia.) 


Formation, Structure, and Ac- 
tivity of the Cambium in Stems. 

— In the open vascular bundles 
of the Gymnosperins and Dicoty- 
ledons the formation of secondary 
tissues may take place as soon 
as the primary tissues have 
matured, or may even begin 
before this. 

The secondary thickening in annual, 
scrambling, and twining plants often 
only begins in older intei nodes which 
have lojig attained their full juimary 
size. In the twigs of trees, on the 
other hand, the secondary growth may 
start early, even before the primary 
tissues are fully develo})ed. 



Fig. 160.- Transverse section of a Hteni 
of AristolorMa Sipho 5 mm. in thick- 
ness. m, Medulla ;/r, vascular bundle; 
vl, xylem ; ch, phloem ; /c, fascicular 
cambium ; i/c, interfascicular cam- 
bium ; p, )>h1oem parenchyma ; pc, 
pericycle ; sk, ring of sclerenchyma ; 
c, starch-sheath ; c/ primary cortex; 
cZ, colleuchyma in primary cortex, 
(x 9. After Strasbuhokr.) 


Only the former case need be considered here, although it is by 
no means the more frequent (cf. Figs. 160, 161). The primary meri- 
stem remaining between the xylem and phloem of the bundle becomes 
the cambium (Fig. 160, fc) and commences again to divide actively. 
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The vascular bundles are usually arranged in a circle. After the 
cambial activity has commenced in the bundles, cambium also forms 
across the medullary rays, by parenchymatous cells dividing tan- 
gentially. This INTERFASCICULAR CAMBIUM connects the FASCICULAR 



Fig. 101.— Transverse section of a stem of Ari^toiochia Sipho in the first year of its growth, sljowing 
a vascular bundle with cambium in active division, p, Xylem iwirenchyma ; rip, proto- 
xyloni ; w' and m", vessels with bordered pits; ic, interfascicular cambium in continuation 
with the fascicular cambium ; i», sieve-tubes; cbp, protoiihloem ; pc, poricycle ; sk, inner part 
of ring of sclerenchymatous fibres, (x 130. After Sthasburgeu.) 

CAMBIUM within the bundles, forming a complete hollow cylinder 
of meristematic tissue. The cells grow in the radial direction and 
undergo division by tangential and by transverse walls. 

The cambium-cells fit together without intercellular spaces and 
form radial rows. They have the shape of elongated prisms more 
or less flattened tangentially and with both ends pointed; thus 
the form of the cell appears very different in tangential, radial, or 
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transverse section (Fig. 162). The tangential walls, which form the 
polygonal or rhombic main faces of the prismatic cell, are thin ; the 
radial walls, on the other hand, are fairly thick and frecpiently pitted. 
A middle layer of cells in the cambial zone forms the initial layer. 
Its cells remain permanently in the meristematic condition. They grow 
in the radial direction, dividing by tangential walls, and so give off 
daughter-cells (tissue mother-cells) to both sides, but more abundantly 
on the inner side. These daughter-cells in their turn may undergo 
tangential divisions, and, often after growing greatly in length and 
^ breadth (Fig. 167) and 
changing their shape, 
become gradually trans- 
formed into permanent 
cells of the secondary 
tissues. 


The cambium in giving 
off cells inwards must itself, 
as the stem grows in thick- 
ness, be earned gradually 
outwards. The circum- 
ference of the cambial ring 
must therefore be increased. 

This can only be effected 
by growth and increase in 
number of the cells in a 
tangential direction. This 
Fia. leii.—Dicagraminatic comes about by radial 
ngure of the shape of division of some of the cells, 
cambial cells, A, land Jn other cases the number 
of cells in the tangential 
direction is increased by 
an initial cell of the 
cambium dividing trans- 
versely, and the ends of 
the two resulting cells 


CD 

C 


Jl, the two forms 
which occur, seen in 
the solid from the 
tangential face ; B, 
in radial section ; C, 
in transverse section. 
(After Rothebt.) 



Kkj. 163,— a diagrammatic tangential 
section to illustrate the snlwllvl- 
sirm of a primary medullary ray 
into many smaller rays on the 
commeiicoment of secondarj’ thick- 
ening. 1, 1, Adjoining primary vas- 
ciihir bundles ; jm., j)rimary medul- 
lary ray transformed by the 
activity of the interfascicular cam- 
hiutn into many small spindle- 
shaped medullary rays and retlcu- 
lately • connected secondai-y vas- 
cular bundles. 


becoming placed side by side tangentially by sliding growtli (®®). 


All the permanent tissue formed on the inner side of the cambium 
is termed WOOD ; this is usually hard and composed of more or less 
ligiiified cells. The tissue formed to the outside by the cambium 
usually consists mainly of unlignified cells and is termed the bast. 

The secondary tissue formed internally by the fascicular cambium 
resembles the xylem, and that to the outside the phloem of the 
primary vascular bundle. By the activity of the interfascicular 
cambium the primary medullary rays are continued through the wood 
and the bast. Their breadth is, however, usually diminished, since 
the interfascicular cambium in great part gives rise to tissues similar 
to those formed by the fascicular cambiuiiji Thus, in place of the 
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original broad medullary rays, the cambium forms at definite points 
narrower radial rows of medullary ray tissue. These medullary rays, 
which are spindle-shaped when cut across (Fig. 103), traverse the 
wood and the bast, connecting the pith with the cortex as PilTMARY 
MEDULLARY RAYS. As the thickness of the secondary wood and bast 
increiises, secondary medullary rays are developed from the 
fascicular cambium. In one direction the secondary medullary rays 


end blindly in the wood and in the 
other in the bast ; the later they 
develop the less deeply do they 
penetrate the tissues on either side 
of the cambium (Fig. 172). 

The cambial cells which give 
rise to medullary rays are shorter 
and their end walls are more hori- 
zontal, for when a medullary ray is 
to be initiated the ordinary cambium- 
cell becomes divided transversely or 
obliquely. 

The origin of the cambium and the 
nature of its activity can be distinguished 
into three main types (^) according to 
the primary construction of tlie stem ; 
1. The stem has a circle of collateral 
vascular bundles separated from one 
another by broad medullary rays ; the 
breadth of the medullary rays is main- 
tained during secondary growth, the 
interfascicular cambium producing only 
medullary ray tissue. This is the case 
for many herbaceous plants, but among 
woody plants is only found in Hanes {e.g. 
Aristolockia), In those herbs in which the 
inner portion of the medullary rays between 
the primary strands of xylem consists 
of sclerenchyraa (cf, p. 91), the inter- 
fascicular cambium forms similar tissue on 
its inner side. 2. The stem as in the first 
type has a circle of collateral leaf- trace 



'iG. 104. — Diagmnunatic repreKcntation of the 
growtli in thickness of a dicotyledonous 
root, pr, Primary cortex ; r, t;anibium 
ring ; g\ j»riinary vascular strand ; s', 
primary phloem -at rand : p, pericycle; e, 
endodermis; g", secondary wood ; s", second- 
ary bast; periderm. (After 8trasbu no kr.) 


bundles separated by broad medullary rays. Before the primary growth in thickness 
is completed there arise from the still merislematio tissue of each medullary ray, 
that now assumes the characters of a cambium, one or a number of small, cauline, 
intermediate bundles which anastomose tangentially ; the intervening meshes are 
occupied by narrow primary medullary rays that are spindle-shaped when cut across 
(Fig. 163). The original meduUaiy rays become filled up in this way in many 
harbaoeous and woody plants. 8. In the transformation of the primary meristem 
to permanent tissue there arises, instead of a circle of collateral bundles, a vascular 
tube, which appears like a concentric bundle with a central pith and internally- 
situated xylem. There is a layer of meristematic tissue between the xylem and 
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phloem that later becomes the cambium. The vascular tube may be traversed by 
very narrow spindle-shaped primary medullary rays, or these may be completely 
wanting. This type is found in many trees. 

The primary .\ylem of the bundles in stems which have undergone secondary 
thickening projects into the pith. 

2. Formation and Activity of the Cambium in the Root. — As 

has been seen (Fig. 154), the strands of xylein and pbloein alter- 
nate in the central cylinder of the root ; they are separated by inter- 
vening parenchymatous tissue. When secondary thickening begins 
in such a root cambial laj^ers arise internal to the strands of phloem, 
and between these and the strands of xylem, by divisions taking 
place in some of the parenchymatous cells ; the cambium forms wood 
towards the centre and bast towards the outside. These arcs of 
cambium meet in the pericycle just outside the xylem-strands and the 
cambial ring is completed from the pericycle. 'Fhe wavy outline of 
this is shown in Fig. 164 by the activity of the cambium in 
producing new tissues the depressions in the ring are soon evened out 
(Fig. 164 B). The secondary wood and bast of the root have the 
same structure as the corresponding tissues in the stem. A cross- 
section of a root in which the secondary growth has continued for some 
years can scarcely be distinguished from a cross-section of a stem ; 
by careful examination, however, the characteristic strands of primary 
xylem can be recognised in the centre of the root. 

Repeated Fomation of Cambium in Stems and Roots. -deviations from the 
usual type of secondary growth as found in most Gyinnosperms and Dicotyledons 
are met with in some cases. These anomalous types are characterised hy 
differences in the distribution and in the activity of the cambium. 

In some Cycadeae and certain species of Gnetum among the Gymnosperrns and 
in the Chcnopodiaceae, Amarantaceae, Nyctaginaceae, Phytolaccaceae, and some 
o^iher families of Dicotyledons, the first ring of cambium, which arose in the usual 
wsjr, ceases to function after a time. A new zone of cambium forms, usually in the 
pericycle, i.e, external to tlie bast, or else in tissue derived from the earlier cambium. 
The new cambium forms hjist externally and wood internally, these tissues being 
traversed by medullary rays. Its activity in turn comes to an end and its place 
is taken by a new' cambium formed outside this zone of bast. The process can be 
repeated and leads to the production of concentric zones each comi)osed of wood 
and bast. This is seen, for example, in the transverse section of the stem of Mucuna 
altiss'iyna^ a liane belonging to the Papilionaceae which is represented in Fig. 165. 
Such concentric zones of wood and bast are met with in some succulent roots 
which persist for two or more vegetative periods. This is the case in the Beet 
(Beta vulgaris\ where the zones can be readily recognised with the naked eye on 
cross-sections. They arise as described above, but, as in the case of the typical 
secondary growth of other succulent roots, parenchymatous tissue which serves for 
storage of reserve materials forms a large proportion of the newly-developed tissues. 

8. The Wood. A. Kinds of Tissue and their Functions.— The con- 
struction of the wood is complex, and in Dicotyledons it is usually com- 
posed of three disUnct types of tissue the walls of which are more or 



PIV. I 


MORPHOLOGY 


141 


less lignified. These are: (1) longitudinally-running strands of dead 
VESSELS (Fig. 166 y, fg ) ; (2) longitudinally -running strands of scleren- 
chymatous fibres, wood-fibres (^), that are usually dead ; (3) storage 
AND CONDUCTING PARENCHYMA (Ap), which forms longitudinally-riinning 
strands, and in the medullary rays is also directed radially ; this con- 
stitutes the WOOD-PARENCHYMA and PARENCHYMA OF THE MEDULLARY 
RAYS, Corresponding to this the wood serves (1) for water-conduction, 
(2) to render the stems and roots rigid against pressure and bending, 
and (3) for the storage of organic materials. The properties which 
make wood such a valuable building material depend upon its natural 
function as a mechanical 


tissue. 

The various kinds of colls 
of which the wood is comjwsed 
can be most readily studied by 
treating wood with Schultze s 
macerating mixture (cf. p. 40). 

The vessels are pitted 
or less-commonly reticu- 
lately thickened. The 
tracheae may be wide 
and composed of short 
segments, or narrow and 
formed of more or less 
elongated cells (Fig. 166 
y, tg ) ; the tracheides are 
narrow and elongated and 
serve both for conduction 



Fio. lOrj,— Transverse section of tlie stem of Mnruna altis- 
sima. ly 2. 5, Successively -formed zones of wood; 
l*y 5*, />*, successively-formed zones of bast. (| nat. size. 
After ScHENCK.) 


and as mechanical tissue. 


The wood-fibres (h) are usually very long and narrow, pointed at 
both ends, and with thick walls provided with narrow oblique pits. 
The cells of the parenchyma (hp) are rectangular and prismatic or 
are spindle-shaped ; they are usually elongated in the direction of 
the long axis and have either thin or thick walls with small, circular, 
simple pits. They contain abundant reserve materials (starch, oil, or 
sugar). Intercellular spaces only occur in the parenchymatous strands. 


The tracheides and wood-fibres are frequently more than 1 ram, in length and 
are considerably longer than the cambial cells from which they arose. This 
increased length, like the increased width of the larger tracheae, is attained by 
sliding growth (p. 44 ; Fig. 167). In the formation of wood-parenchyma the 
cambial cells undergo repeated transverse divisions. Tiie resulting parenchyma 
thus consists of rows of cells, the origin of which from a cambial cell is indicated 
by the row ending above and below in a pointed cell (Fig. 166 gh, ?ip). 

The walls between cells of the wood-parenchyma or medullary rays and the 
voxels have bordered pits on the side towards the vessel only ; the pits in the living 
cells have no border. The walls separating vessels and wood-fibres and those 
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between the latter and parenchyma-cells are, on the other liand, usually without 
pits. 

In woods composed of vessels, wood-fibres, and parenchyma there are frequently 
transition forms between tire typically-constructed elements, and there is a corre- 
sponding lack of sharp distinction as regards function. Narrow tracheae (iMg. 
166 tg) lead on to the tracheidcs (Fig. 166 gt^ t). Narrow, sharply-pointed traclicides 



g tg gt t ft h gh ef Iq) 


Fig. 106. — Tracheae, tracheidea, wood - fibres, and wood-parenchyma of a Dicotyledon with 
transition-forms between the various elements. Diagrammatic, Explanation in text. (Modified 
after Stkasburger,) 

(fibre-tracheides, /<), the function of which is mainly mechanical, form the transi- 
tion to the wood-fibres {h). Slightly thickened wood-fibres which retain their living 
contents (ef) and are either without or with transverse walls (gh) form the transition 
to the cells of the wood -parenchyma (hp). According to SinASBUiiGEU the 
fibre-tracheides are to be derived phylogenetically from the vessels and the wood- 
fibres from wood-parenchyma. 

In the wood of Gymnosperms there are only tracheides with 
typical bordered pits, together with some wood-parenchyma and a 
considerable amount of parenchyma of the medullary rays. The 
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division of labour is here less advanced, the same elements being 
concerned with the mechanical and water - conducting functions. 
Di'imySj belonging to the Magnoliaceae, is a Dicotyledon with wood 
composed of tracheides and parenchyma only. 

B. Appangrement of the Tissues in the Wood. — In the 
Gymnospepms (Figs. 168-170) the wood of the stems and roots has 
thus a relatively simple structure. The 
tracheides are arranged in regular radial 
rows (Fig. 168 A\ in correspondence with 
their mode of origin (Fig. 168 B), Since 
they increase in size mainly in the radial 
direction, and hardly at all in the tangential 
and longitudinal directions, they retain the 
same form as the cambial cells (Fig. 162). 

Tliey have large, circular, bordered pits 
freciuently only upon their radial walls ; 
the pits are thus seen in surface view in / 
radial sections (Figs. 67 i/, 68 A). 

In the wood of the Pines, Firs, and Larches 
parenchyma is found only around sfdiizogenous 
resin-canals which run longitudinally in the wood 
(Figs. 168 172 7/), and are connected by 

others which run radially in .some of the broader 
medullary rays. For this reason considerable 
amounts of resin How out from the wounded stem 
of a Pine or Fir. In the other Conifers the wood- 
, parenchyma is limited to simple rows of cells, the 
cavities of which may later become tilled with resin. 

The medullary rays in the wood of j[ 

Gymnosperms are numerous, and for the 
most part only one layer of cells broad g 

(Figs. 168 TO, 170 OT, /m; 172 ms). The icT.-nugrammatic «pr«. 

cells of the medullary ray are elongated in sentation of sliding growth, of 

the radial direction : they contain abundant wood-fibres. /, in tangential 

. 1 T -.1 -.I*. longitudinal section; //, m 

starch and are associated with intercellular tmnsverse section along the 

spaces (Fig. 170 i). They serve to transfer dotted line in i. a, /, ii, ceils 
the products of assimilation, formed in the 

^ ^ , •••11 sliding growth has taken 

leaves and conducted downwards in the bast, place. (After rothkrt.) 
in a radial direction into the wood of the 

stem or root, where storage takes place; they also conduct water 
from the wood outwards. The medullary rays are suited to perform 
these functions, since, as has been seen, they extend into both the 
wood and the bast (Figs. 168 J?, 169, 172), The intercellular spaces 
communicate with the intercellular system of the cortex and allow of 
the necessary gaseous exchanges between the living cells in the wood 
and the external atmosphere. 
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In certain Gymnosperms, especially the Pines, single rows of cells of the 
medullary ray in the wood (usually the marginal rows) are tracheidal and without 
living contents ; they are connected with one another and with the tracheides by 
means of bordered pits (Fig. 169 tm). They are protected against compression by 
the living turgescent cells of the medullary ray by means of si)ecial thickening of 
their walls. These tracheidal cells facilitate the conduction of water in the radial 
direction between the tracheides, which are only pitted on their radial walls. In 
most other Conifers, in which such tracheidal elements in the medullary rays are 
wanting, there are tangentially-placed bordered juts in the tracheides of the wood, 


A B 



Fio. 168 .—^, Transverse section of the wood of a Pine at the junction of two annual rings. /, Spring- 
wood ; s, autumn-wood ; i, bordered pit; a, interposition of a new row of tmcholdes; A, resin 
canals; m, medullary rays; g, limit of autninn-wood. (x 240.) II, Part of a transverse 
section of the stem of a Pine, s, Late wood ; r, cambium ; v, sieve-tubes ; p, bast-parenchyma ; 
k, cell of bast-parenchyma containing crystal ; cv, sieve-tubes, compressed and functioidess ; 
m, medullary ray. (x 240. After Schenck.) 

and these allow of the movement of water in a radial direction. The parenchy- 
matous cells of the medullary rays of the wood are connected with the tracheides 
by means of large pits bordered on one side (Fig, 170 ct). 

Owing to climatic variations, the cambial tissue of Gymnosperms, 
as of most Dicotyledons, exhibits a periodical activity which is 
expressed by the formation of annual rings of growth (Figs. 171, 
172). In spring, when new shoots are being formed, wider and thinner- 
walled tracheal elements are developed than later in the season. For this 
reason a difference is perceptible between the early wood (spring-wood), 
which is composed of large elements especially active in the conveyance 
of water (Figs. 168 172/), and the late wood (autumn-wood), 
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consisting of narrow elements which impart to a stem its necessary 
rigidity (Figs. 168^, s, 172 s). Throughout the greater part of the 
temperate zone, the formation of wood ceases in the latter part of 
August until the following spring, when the larger elements of the 
spring- wood are again developed. Owing to the contrast in the 
structure of the spring- and the autumn- wood, the limits (Figs. 168 g, 
172 i) between successive annual rings of growth become so sharply 



Fig. 169.— Radial section of a Fine stem, at the junction of the wood and bast. Autumn 
trachtiides ; bonlered j)its ; c, cambium ; v, 8ieve‘tube.s ; rf, sieve-pits ; /m, tracheidal 
medullary ray cells ; medullary ray cells In the wood, containiiij? starch ; m', the same, in 
the bast; m, medullary ray cells, witli albumiuous content, (x 240. After Sohbnck.) 

defined as to be visible even to the naked eye, and thus serve as a 
means of computing the age of a plant. 

In a stem or root that has undergone secondary thickening fewer annual rings 
will be seen on the cross-section the nearer this is made to i>he growing point. 
The older annual rings and the older layers of bast disappear in order of their ago 
as the tip is approached. 

Under certain conditions the number of annual rings may exceed the number of 
years of growth. When the leaves are destroyed by frost, caterpillars, or other 
injurious influences, the buds destined for the succeeding spring may unfold, and 
the formation of the new foliage brings about a second formation of spring wood. 
On the other hand, woody plants that usually have definite annual rings may 
exceptionally show a smaller number of rings than that corresponding to their 
age, owing to the limits between some of the rings not being clearly marked. In 

L 
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this way the number of rings on one radius of the stem may be less than when 
they are counted on another radius. 

The annual ringvS are usually not clear in the secondary wood of roots. 


The wood of the steins and roots of Dicotyledons can l)c readily 
distinguished from that of a Gymnosperm even when only slightly 
magnified (Figs. 173-175). Not only are wood-fibres and usually 

wide tracheae present, in addition to 



tracheides and parenchyma, but the 
unequal growth of the various com- 
ponent elements leads to a departure 
from their original radial arrangement. 
In the spring-wood there are numbers 
of very wide tracheae (Figs. 173, 174 m), 
while narrow wood-fi])res (/) and fibre- 
tracheides (t) predominate in the 
autumn-wood. 

In the woody plants of tropical regions, 
when there is no seasonal interruption of 
growth, annual rings may be wanting, but in 
many cases zones resembling the annual rings 
occur indicating a periodic activity of the 
cambium. 

The water-conducting elements of the most 
recently formed annual rings are the only ones 
that are in direct connection with the leaves 
of the corresponding period of vegetation. 
Since there is a sudden demand for a consider- 
able amount of water for transpiration when 
the leaves unfold in the spring, the provision 
of conducting channels in the spring- wood is 


Fm. 170. -Tangential eontion of the readily comprehensible. In many woody plants 
autumn wood of a Tine, t, Bordered foliage 18 not further increased during the 


pit; <m, tracheidal medullary ray cells; summer, and the cambium can therefore form 


fim, medullary ray cells eontnining mechanical tissue in the autumn-wood. 
starch ; et, pit Iwrdered only on one 


side; intercellular sjiace in the 
medullary ray. (x 240. After 
SCHENOK.) 


In spite of the variety in the struc- 
ture of the wood of Dicotyledons there 
are some constant features in the 


arrangement of the diflTerent tissues. The vascular strands composed 
of tracheae and tracheides, while they ramify in the radial and 
tangential directions, form continuous longitudinal tracts from the 
roots to the finest tips of the branches. Were this not so the needs 
of the shoot-system as regards its water-8upply« would not be met. 

Wood-parenchyma (Figs. 173, 174 jo), which is well developed in 
most dicotyledonous woods, also forms longitudinal strands or layers 
which, however, end blindly above and below. These form, along 
with the medullary rays, a connected system of living cells. The 
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vessels always stand in connection with these living cells, being 
sometimes surrounded by them and in other cases in contact with 
them on one side (Fig. 173je?). 

The MEDULLARY RAYS (Figs. 171 pm, m; 173, 174 r) resemble 
those of the Gymnosperms in being radially-placed ])ands of tissue, of 
greater or less vertical height, and one or a number of cells in breadth ; 
they may be branched or unbranched (Fig. 175 tm). They are 
continuous across the cambium 

into the bast (Fig. 178). The i s 

vascular strands are in contact • Z s ■ 

with them at places. The Ji tt 

parenchyma of the medullary ‘ ' 

rays thus connects the paren- 
chyma of the bast with that of the | 
wood, and unites all the living 
tissue of the stem and root into 





1 1 

Flo. 17 -’.~ rortion of a four -y oar -old stein of the 
Pine, IHmui sjfl vi^strin, cut in wintor. 7, TraiisverBe 
view ; I, radial view ; f, Uiiifieiitial view ; /, spring 
wood; s, Butdnin wood; m, medulla; p, proto- 
xylem ; L S, S, 4, the four successive annual rings 
of the wood ; 1, .pinction of the wood of successive 
years ; ins', w/", ws, medullary rays in trans- 
verse, radial, and tangential view ; m", radial 
view of medullary rays in the bast; c, cambium 
ring ; b, bast ; h, msin canals ; hr, bark, external 
to the tirsl periderm layer, and formed from 
the primary corUjx. ( x 6. After Suuenck.) 


Fig, 171.— Transverse section of a stem of xylem ; f, S, 4 , the four successive annual rings 

Til’in in the fourth ytiar of its of the wood ; 1, .pinction of the wood of successive 

growth, pr, Primary cortex ; c, cambium years ; m', w/", ws, medullary rays in trans- 
ring ; cr, bast ; jnw, primary medullary verse, radial, and tangential view ; m", radial 

ray ; pm/, exjianded extremity of a primary view of medullary rays in the bast ; c, cambium 

medullary ray; m, secondary medullary ring ; b, bast ; h, msin canals ; hr, bark, external 

ray ; g, limit of third year's wood ; m, to the tirsl periderm layer, and formed from 

pith. (x6. After SoHENCK.) the primary corUjx. (x 6. After Suuenck.) 

a single system provided with intercellular spaces. Assimilated ftiaterial 
moving downwards in the bast can thus pass radially into the wood 
and be carried in this for some distance upwards or downwards, to be 
stored as starch or fat in the living parenchymatous cells. In spring 
when the; |iida are unfolding much of this reserve material is passed 
into the in the form of glucose and small amounts of albuminous 
substance|iV In this way these substances can be transported rapidly 
^ where they are to be utilised. Thus, during the winter 

and in spring, sugar and albumen can be demonstrated in the 


148 


BOTANY 


PART I 


vessels or in the sap which readily exudes from cut stems of Birch, 
Sycamore, and other trees. 

The intervals between the strands of vessels and of parenchyma 
and the medullary rays are occupied by strands of wood-fibres 
(sclerenchyma). 

The height and breadth of the medullary rays are most readily seen when they 
are cut across in tangential longitudinal sections of the stem ; the rays tlien appear 
spindle-shaped (Fig. 174 r). In moat woods their size varies only within narrow 
limits, but in others, such as the Oak and the Beech, the range is greater. In 



Fig. irs.— Portion of a transverse section of the wood of Tilia MfoUn. m, Largo lotted 
vessel; t, tracheides; wood-libre; p, wood-|>arenchyraa ; r, niedullaiy ray. (x .'>40 After 
STBASBUEriEE.) 

some Hanes (e,g. Aristolochia) the primary rays are particularly wide and high, and 
may extend for the length of a whole internode. 

Oraiii of the Wood.— The technical value of certain woods is affected not 
only by the colour but by the graining. This depends in the first place on the 
arrangement of the annual rings and medullary rays, but also in many cases 
{e.g. Hazel) upon a wavy course of the elements of the wood ; this may be brought 
about by the crowded arrangemout of lateral or adventitious buds or lateral roots 
or by the stimulus of wounding. * 

C. Subsequent Alterations of the Wood. — In the majority 
of trees the living elements in the more centrally - placed older 
portions of the woody mass die and the water -channels become 
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stopped up, leading to the formation of what is known as the 
HKART-WOOD. Only the outer layer of the wood composed of the 
more recently -formed annual rings thus contains living cells and 
constitutes the SPLiNT-wool). Keserve materials can only be stored 
in the splint-wood, and water-conduction is also limited to this and 
indeed to its outermost portion, since, as has been seen, it is only the 
peripheral vessels that are in connection with the leaves and the 
youngest lateral roots. The heart-wood 
serves only for strengtli. The heart- 
wood is usually darker in colour than 
the splint-wood and is also denser, 
harder, and stronger; it is protected 
against decay by impregnation with 
various substances. In other cases the 
heart-wood is not distinct in colour from 
the splint-wood and readily decays ; this 
leads to the hollow stems so often found 
in old Willows. 

The whitish-yellow splint-wood contrasts 
most strongly with the heart- wood when the 
latter is dark in colour ; thus in the Oak it 
is brown and in the Ebony {Diospyros) black. 

The heart-wood appears to bo more durable 
the darker it is. I3efore their death the living 
cells of the wood, which lose their reserve 
materials, usually form various organic sub- 
stances, especially tannins, which impregnate 
the walls of the surrounding elements, while 
resinous and gum-like x^roducts accumulate in 
the cavities. The tannins preserve the dead 
wood from decay, and their oxidation products 
give its dark colour. The vessels are some- 
times occluded by accumulations of gum, and 
at other times by cells which till up the lumen 
more or less completely, and are spoken of as 
THYLOSES (»2) me. 176); they originate by Fia 174.-Taiigential section of the wood 

tne adjoining living cells growing into the 
vessels through the xnts, the membrane of 
which they press inwards. Thyloses also 
form in wounded vessels and occlude tlie 
lumen. Inorganic substances are not uncommonly deposited in the heart- 
wood ; thus calcium carbonate occurs in the vessels of Ulmus campestris and 
Fagus sylvaiica^ while amorphous silicic acid is deposited in the vessels of 
Teak {Tectona grandis). Colouring matters are obtained from the heart- wood 
of some trees, e,g. Haematoxylin from Haematoxylon campecfiianum L, (Oampeachy- 
wood, Logwood), 

4. The, Bast. A. Kinds of Tissue and their Functions. — 
Three types of tissue can also be distinguished in the bast (Figs, 1 68 



of TUia ulmi/oUa. m. Pitted vessel ; 
(, spiral Lracheides; p, wood-paren- 
chyma; I, w . od-tlbres ; r, medullary 
rays, (x 160. After Scuenck.) 
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/3*, 177): (1) Longitudinally-running strands of sieve-tubeb with, in the 
Dicotyledons, companion-cells (Fig. 177 c); (2) in many plants longi- 
tudinal strands of SCLKKENCHYMATOUS FIBRES (bast-fibres) that are 
as a rule dead (Fig. 177 1) ; and (3) parenchyma with intercellular 
spaces arranged both longitudinally (p) and in the medullary rays 
(Figs. 1G8 i?, 7ti; 177 r). In addition secretory cells of various 
kinds may be present containing crystals (Z) or latex. The l)ast, like 
the phloem of the vascular bundles, serves mainly to conduct the 
products of assimilation. It also is of use for the storage of organic 


substances and frequently as 



Fia. 175, — A radial section of the woo<l of 
Tilia ubnifolw, showing a small medul- 
lary ray. Vessel ; I, wood lihres ; tm, 
medullary ray cells in comniuuieatioii 
with the water-channels by mearis of 
pita ; sm, conducting cells of tlie 
medullary ray. (x 240. After 
SCOENCK.) 


mechanical tissue. In many plants 



Fkj. 176.— Transverse section of a vessel from 
the lieart-wocxl of Rohinia i’srudaweia, closed 
by thyloses ; at ft, a is sliown the connection 
between the thyloses and the cells from which 
they have been formed, (x 800. After 

SCHKNCK.) 


the sieve-tubes have oblique end-walls (Fig. 177 v*); they are thin- 
walled and unlignified, contain proteids, and usually remain functional 
only for a short period. The bast-fibres are long and narrow and 
have strongly -thickened walls that may be lignified or not. The 
parenchymatous cells are elongated in the direction of the strand ; 
they are living cells with abundant reserve materials and thin 
unlignified walls. 

At a certain distance from the cambium the sieve-plates become overlaid by 
callus. Still further out the sieve-tubes and their companion-cells become empty 
and compressed (Fig. 168 i^, co), 

B. Arrangement of the Tissues in the Bast — This re- 
sembles the arrangement in the wood. The strands of sievo-tubes 
form branched tracts in which the sieve-tubes have a continuous 
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course from the roots to the foliage. The sieve-tubes, and the 
lorigitudinally’-running bast-parenchyma, are related at intervals to the 
medullary rays (Fig. 172 ms'\ which have been seen to be the con- 
tinuation of the medullary rays of the wood. Thus the products of 
assimilation from the foliage can either pass in the bast towards the 
roots or through the medullary rays to be stored in the living cells 
of the wood. 

The different tissues of the bast are often arranged in very regular 
tangential bands only interrupted by the medullary rays (Fig. 177). 
The periodicity of the cambium is not, however, evident in the bast, and 



Fla. 177. — Portion of a trangvorsH section of the bast of TUia iilmifolia. v, y ..ti-tubes; v*, 
sieve-plate; c, coini)anion-cella ; k, cells of bast-parenchynia containing crystala; p, bast- 
parenchyma ; I, bast-libres ; r, medullary ray. ( x 540. After Strasburoer.) 

there are no annual rings. The cambium continues to produce bast 
after the formation of the autumn-wood has ceased, for so long as the 
climatic conditions permit. 

In the Lime, for example (Fig. 177), there is an alternation of zones of sieve- 
tubes (v) with companion-cells (c), starch-containing bast-parenchyma (p), cells 
containing crystals (ifc), bast-fibres (1), and flattened cells of bast-parenchyma (p), 
followed again by sieve^tubes. The differences in the appearance of the bast of 
different woody plants are due to the greater or less diameter of the sieve-tubes, 
the presence or absence of bast-fibres, and to the mode of arrangement of the 
various elements. 

In the Pino and various other Abietineae, rows of cells with abundant 
albuminous oontents occur at the edges of the medullary rays (Fig* 169 em). They 
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are in close contact -with the sieve-tubes and connected with them by sieve-pits, 
and become em]>ty and compressed at the same time as the sieve- tubes. 

Effect of the Secondary Thickening on the Tissues external to 
the Cambial Ring. 1. Dilatation. — Since the cambium continues 
to form wood to the inside, and bast to the outside, the stem or root 
exhibits a secondary increase in thickness. Those permanent tissues 
which are situated externally to the cambial ring (the epidermis, 
cortex, primary phloem, and the bast) are naturally affected by this. 
They are tangentially stretched, compressed, displaced, or torn ; they 
may also grow in the tangential direction (DiTiATATlON). This latter 



Fio. 178.— Transverse section of the outer part of a oiie-yoar-old twig of Vyrun communis made in 
autumn. It shows the coinrnonceinent of the formation of the periderm, p, Cork ; pg, 
idieRogen ; pd, phelloderm ; coi, collenchyraa. The cork c*j11s have their, outer walls thickened 
and have brown dead contents, (x 500. After Scqenck.) 

process is naturally limited to the living cells of the cortex, the phloem, 
and the bast, including those of the medullary rays ; in some woody 
plants even the epidermal cells take part in the dilatation 
these cells may gi’ow considerably in the tangential direction and then 
become divided hy radial walls. In the bast such growth is frequently 
very marked in the case of the medullary rays ; in the Lime this leads 
to the formation of a secondary meristem which gives off rows of 
parenchymatous cells to either side in the tangential direction, so that 
the medullary rays of the bast widen year by year towards the outside 
(Fig. 171 pmf). The sieve-tubes and their companion-cells, which only 
remain functional for a short time and then die, are compressed along 
with the secretory cells. The sclerenchymatous cells of the cortex and 
bast, which are usually non-living elements, also take no part in the 
dilatation. When a hollow cylinder of sclerenchyma is present in the 
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cortex (Fig. 179 sc)^ it becomes torn in the tangential direction ; the 
parenchymatous cells grow into the spaces, and in many plants become 
transformed into thick- walled 


stone-cells (Fig. 179 s). Paren- 
chyma-cells, or groups of them 
in the cortex and bast, may also 
1)0 developed as sclerenchyina- 
tous cells during the process of 
dilatation. 

The epidermis may continue to 
expand for years in some species 
of Rose, Acacia, Holly, and Maple, 
and in the Mistletoe. The outer 
walls of tlio cells are usually strongly 
thickened, and when ruptured on the 
surface become reinforced by new 
layers of thickening deposited within. 

2. Periderm. — As a rule, 
however, the epidermis does 
not take part in the dilatation 
but is passively stretched and 
ultimately ruptured. A new 
limiting tissue is formed some 
time before this to protect the 
underlying tissues from drying 
up. This arises as the CORK 
(cf. p, 55) by the activity of a 
special, secondary meristem, 
situated at the periphery of the 
organ (Fig. 178). 

This CORK-CAMBIUM Or PHEL- 



LOGEN is usually formed in the pn,. 170. — Transverse section of the peripheral 

first season, soon after, or even tissues of the stem of Qncmis seMUJlora. J, S, 

before, the commencement of successively formed layers of eor^ 

J yjx cortex, modihed by dilatation; pc, pencycle ; 

secondary growth. It may arise sc, sclerenchymatous fibres from the ruptured 

from the epidermis by tangential ”ug of sclerenchymatous fibres of the iiericycle 

divieiVn 11 ^ \r 8 , subsequently for. ed sclereides ; sclereides, 

aivision of Its CeUs. More ,econd«7 growth ;«•, b«t ,flbr«s ; ciu 

usually, however, it is formed with aggregate crystals. All the tissue external 

from the layer of cortex iust ^ innermost layer of cork is dead and dis- 

*U-.i *1 . , coloureti and has become transformed into bark. 

oeiow the epidermis, less (>, 225 . After schenck.) 
commonly from a deeper layer 

of the cortex or from the pericycle. The last case is the rule for 
roots (Fig. 164 JJ, k). The meristem and all the products of its 
activity are known collectively as the periderm. The cells cut ofif 
to the outer side become cork-cells ; those developed to the inner 
wde become unaaberised cells with abundant chlorophyll, which round 
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off and are added to the cortex. With the formation of the periderm 
the surface of the stem appears brown. 

Tlie cells formed on the inner side by the phellogoii are termed collectively the 
PHELLODEKM. 

The cork-cambium is as a rule a typical initial cambium (cf. p. 44), at least 
when it forms both cork and plielloderm. An initial layer may, however, be wanting 
e.g. in many Monocotyledons ; in this case the permanent cells from which the 
cork-cambium procee<ls divide into a number of cells which become cork-cells, and 
the process is repeated in adjacent cells of the permanent tissue. 

Periderm formation takes place at a later period in those })lants in which tlie 
epidermis continues to expand for years ; it is wanting only in the specdcs of 
Mistletoe. 

True cork is wanting in Cryptogams, even in the Pleridophytes. When protec- 
tion is required its place may be taken by tlie impregnation of the cell-walls with 
a very resistant brown substance or by the addition of suberised lamellae to the 
walls, that is, the transformation of certain layers of cells into a cutis-tissue 

3. Formation of Bark. — All tissues external to the cork-cambium 
are cut off from supplies of water and food materials and consequently 
die. The dead tissue, including the layer of periderm, is termed batik. 
According to the depth at which the periderm is formed this may 
include only the epidermis or a larger or smaller proportion of the 
cortex. The first layer of cork-cambium in stems and roots usually 
soon ceases to bo active ; this does not happen in the Beech. A 
new layer of cork forms deeper in the stem, and its activity in turn 
comes to an end ; another layer forms still more deeply as shown in 
Fig. 179. Ultimately the layers of cork are forming in secondary 
tissues in the living parenchyma of the zone of bast; thus in old 
stems all the living tissue external to the cambium is of secondary 
oagin and the bark includes dead secondary tissues. The bark cannot 
foils *v the further increase in thickness of the stem or root, but is cast 
off in scales or torn by longitudinal fissures. It forms an even more 
complete protection than the cork against both loss of water and 
overheating. 

Since in the formation of bark the more external and oldest parts 
of the bast are thus shed, the zone of bast remains relatively thin. 
Mechanical tissues can only be permanent constituents of the stem 
when formed internal to the cambial ring, ie. in the wood. 

If the layers of the secondary periderm constitute only limited areas of the cir- 
cumference of the stem the bark will bo thrown off in scales, as in the scaly bark of 
the Pine, Oak (Fig. 179), and Plane tree ; if, on the contrary, the periderm layers 
form complete concentric rings, hollow cylinders of the cortical tissues are trans- 
formed into the so-called ringed bark, such as is found in the Grape-vine, 
Cherry, Gematis, and Honeysuckle. 

When the bark peels off from the stem in layers this is not a purely mechanical 
result ; it depends on an absciss layer consisting of thin- walled cork-cells or 
phelloid cells (cf. p. 66) which are formed between the other layers of cork with 
thickened walls. These absciss layers are ruptured by the hygroscopic tensions set 
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up in the bark. Bark whicli is not easily detacJicfl becomes cracked by the con- 
tinued growth in thickness of the stem, and has tlien the furrowed appearance so 
characteristic of the majority of old tree-trunks. 

The usual brown or red colour of bark, as in similarly coloured heart-wood, 
is occasioned by the presence of tannins, to the preservative qualities of which 
is due the great resistance of bark to the action of destructive agencies. The 
peculiar white colour of Birch-bark is caused by the presence of granules of 
betulin (birch-resin) in the cells. 

Healing of Wounda — In the simplest cases among land -plants the wounded 
colls die and become brow'ii and dry, while the walls of the underlying uninjured 
cells become impregnated with protective substances and sometimes also form 
suboriHcd lamellae. In tlie case of larger wounds in the Phanerogams a cork- 
cambium forming wound-couk develops below these altered cells much as in the 
case of leaf-scars (}). 115). 

When young tissue is exj)osed by a wound, a formation of callus usually takes 
place. All the living cells which abut on the wound grow out and divide, becoming 
closely ap})roximatcd. In most cases a cork-cambium forms in the peripheral 
layers of the callus and gives rise to cork. In stems of Gymnospernis and 
Dicotyledons, wounds which extend into the w’ood become surrounded and linally 
covered over by an outgrowth of tissue arising from the exposed cambium. While 
the callus-tissue is still in process of gradually growing over the wounded surface, 
an outer protective covering of cork is developed ; at the same time a new 
cambium is formed within the callus by the differentiation of an inner layer of 
cells, continuous with the cambium of the stem. When tlie margins of the over- 
gi’owing callus-tissue ultimattjly meet and close together over the wound, the edges 
of its cambium unite and form a complete cambial layer, continuing the cambium 
of the stem over the surface of the wound. The wood formed by this new cambium 
never coalesces with the old wood which is brown and dead. Accordingly, marks 
cut deep enough to penetrate the wood are merely covered over by the new wood, 
and may afterw'ards be found within the stem. In like manner, the ends of severed 
branches may in time become so completely overgrown as to be concealed from 
view. As the wood produced over w'ounds differs in structure from normal 
wood, it has been distinguished as callus-wood. It consists at first of almost 
isodiametrical cells, which are, however, eventually followed by more elongated 
cell -forms. In the Cherry instead of normal wood-elements nests of thin- walled 
parenchymatous cells which undergo gummosis (p. 37) are produced on wounding 
the cambium. 


2. Adaptations of the Cormus to its Mode of Life 
and to the Environment 

The form and structure of the cormus are closely connected with 
its mode of life, which in turn depends on the environment. Practi- 
cally all plants thus appear adapted to the environments in which 
they are usually found. The uniform physiognomy exhibited by the 
plants of any locality, as well as the differences in the physiognomy 
of the vegetation in localities which differ in climate, depend upon 
this. The vegetative organs are therefore not typically constructed 
in aU cormophytes, but are frequently altered or metamorphosed in 
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a variety of ways. Very careful developmental or anatomical investiga- 
tion may be required to show that the variously-constructed organs 
of many cormophytes are derived by the metamorphosis of the three 
primary organs, root, stem, and leaf, and to ascertain with which of 
these any particular structure is really homologous. The external 
form and the functional activity of mature organs may be very mis- 
leading. One organ may assume the form and functions of another, 
e.g, a stem resembling a leaf ; difierent primary organs may take on 
the same forms in relation to performing the same functions and thus 
be analogous but not homologous. As a rule, however, when all the 
characters of an altered organ are taken into consideration, some will 
leave no doubt as to its morphological origin. 

The form of a plant and of its parts is determined in the first 
place by its mode of nutrition. Thus there are striking and important 
morphological differences between cormophytes which require only 
inorganic food materials (autotrophic plants) and those which 
require organic food (heterotrophic plants). 

A. Autotrophic Cormophytes 

The green plants are structurally adapted to autotrophic life. The 
typical features of the construction of autotrophic cormophytes have 
been described above. The green cormophytes may exhibit consider- 
able variety among themselves, for their structure is adapted to the 
different features of the environments in which they occur. 

Among the numerous factors in the differing external conditions, 
WATER and LIGHT have by far the greatest influence on the form of 
green plants. This is evident, for the plant can only carry on its 
life when sufficient water is available, and only when there is sufficient 
light can it construct organic substance from inorganic food materials 
and thus be autotrophic. 

(a) Adaptations to the Humidity of the Environment 

1. Water Plants. Hydrophytes (^^). — Special peculiarities in 
structure are found in plants which live in water (iiydromorphy). 
These can absorb both water and nutrient salts and also the necessary 
gases (carbon-dioxide and oxygen) from the water by the whole surface 
of their stems and leaves. In considering the conditions of life in 
water it is essential to know the amounts of .various gases which can be 
dissolved and to contrast this with their presence in the atmosphere. 
One litre of air contains about 210 c.cm. oxygen and 0*3 c.cm. of carbon- 
dioxide, In one litre of water at 20° C., on the other hand, thefe 
can be dissolved only about 6 c.cm. oxygen, but 0*3 c.cm. carbon- 
dioxide. There is thus available for the submerged plant as much 
carbon-dioxide, or even somewhat more if we take account of the 
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effect of carbonates in solution in the water. There is, however, little 
oxygen, especially in the case of still water, since the diffusion of 
this gas in water is very slow. 

The thin walls of the epidermal cells of the shoot have a very thin 
cuticle that offers little hindrance to the entrance of water and dissolved 
salts, especially in the case of the leaves (■*^). The large surface ex- 
posed by the fine subdivision of the lamina of the submerged leaves 
(Batrachimiy Fig. 135, Utrimlaria, Myriophyllumy Ceratophyllmn) stands 
in relation to the slowness of the difiusion of gases in water ; floating 
and aerial leaves of water-plants, on the other hand, are typically 
formed (heterophylly, cf. p. 113). As regards their anatomy 
the submerged leaves are characterised by the absence of stomata, 
and usually of hairs from the epidermis, the cells of which 
contain chlorophyll ; the mesophyll has large intercellular spaces, 
and consists of uniform parenchyma, not showing the distinction 
of palisade and spongy tissue. The leaves in transverse section 
thus appear bilaterally symmetrical (Fig. 180). The feeble develop- 
ment of water-conduct- 
ing elements in the 
stems and leaves, the 
al)sence of secondary 
thickening, and the 
absence of roots (Utri- 
cularuiy Ceraiophyllumy 
Wolffia)y are related 
to the absence of trans- 
piration, and of active 
transport of water. 

The support afforded by the surrounding water renders mechanical 
tissues unnecessary ; the pulling forces exerted in quickly-flowing 
water are met by the central position of the vascular bundle. 



Fia. 180. — Transverse section of the leaf of ZannichelUa palustrig. 
(x 140. After ScuENCK.) 


A feeble movement of water through the plant which is connected with the 
excretion of water from openings at the tips of the leaves (cf. p. 110) can be 
demonstrated in many submerged water-plants. 

The great development of the intercellular spaces is a striking 
feature of almost all aquatic and marsh plants. They are wide, and 
form a regular system of air-filled chambers and passages, which are 
separated by parenchymatous partitions, usually only one cell thick : 
this is the case, for example, in the stems of Papyrns, Potanwgeton, etc., 
in the petioles of the Nymphaeaceae, and in the roots of Jussiemu 
Such tissue is termed akrknohyma. Since its wide air-passages 
serve for the storage of air, and allow of ready diffusion of gases 
within the body of the plant, the rapid transport of oxygen from 
the assimilating green organs to the colourless organs greatly 
f^Utates respiration. 
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In some swam j)- plants, the subterranean organs of wliich are in swampy soil with 
little oxygen, special organs are concerned with obtaining this gas ; respiratory 
roots (PNEUMATOPHOUKS, Fig. 181) grow erect from the muddy soil, obtaining 
oxygen from the air by lenticel-like pnku math odes, and conducting it by the 
aerenchyma to the subterranean parts. Such plants arc found among the Palms 
and in the Mangroves of tropical coasts, some of which are also anchored to 
the mud by a system of aerial stilt-roots springing from the shoots (Fig. 182) (‘‘^*). 

2. Land-Plants. — These usually obtain water and nutrient salts 
from the soil, and oxygen and carbon-dioxide from the atmosphere ; 

their aerial shoots give 
off water iii the form 
of vapour in the process 
of transpiration. 

A few plants of very 
moist habitats, especially 
the Hyraciiophyllaceae of 
tropical forests, which can 
absorb water by the general 
surface, form an exception. 
Some of them develop no 
roots but have a system 
of water-absorbing hairs 
on their stems or leave.s 
which considerably increase 
the absorbent surface. 

The construction of 
land plants differs ac- 
cording to their occur- 
rence in constantly 
moist localities, dry 
localities or climates, or intermittently moist climates. 

(a) Adaptations to constantly moist Habitats. Hygrophytes (^^). 
— Terrestrial plants which inhabit situations in which the atmosphere 
is permanently moist, such as many shade plants, are spoken of as 
HYGROPHILOUS or HYGROPHYTES. Like water-plants they have no need 
of arrangements to diminish transpiration, but, on the contrary, 
require to facilitate the giving off of water from the aerial shoots 
(hygromorphy). Only in this way can a sufficiently active movement of 
water from the roots in the soil to the organs above ground be ensured 
to supply the requisite quantity of nutrient salts. When the air is too 
dry they soon wilt and may perish. Many hygrophytes, especially 
those that inhabit the moistest situations {e,g, moist tropical forests), 
resemble water-plants in form and structure. 

Hygrophytes have expanded, thin, leaf-blades of delicate texture ; these have no 
covering of dead hairs, but are either smooth or have a velvety upper surface, due 
to the presence of numerous living hairs or papillae. The outer walls of the 



Fio. 181,— Respiratory roots of SonTieratia aVm, (After 
Jou. Schmidt.) 
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epidermal colls, which contaiu chloroplasts, are very thin and covered by a delicate 
cuticle. The not very numerous stomata arc not sunken but frequently are even 
raised above the general level of the epidermis. Tlie large-celled mesophyll has 
very larger intercellular spaces. The ])rocess of assimilation in the weak illumination 
of the shaded habitats requires to be facilitated in those jdants by their hygromorphy. 
Many hygrophytes have, in their hydathodes, means of giving off liquid water 
(Fig. 2;i8) when transpiration in the moist air is almost stoj)ped. The water may be 
actively secreted by glandular hairs or passively pressed out from the vascular 
bundles through water-stomata (Fig 130). 

In correspondence wit h their constantly moist and shaded habitats and reduced 
transpiration the root -system and the water - conducting vascular tissues of 
hygrojdiytes are usually poorly developed. 

(b) Adaptations to physiologically dry Habitats or to dry 

Climates. Xerophytes 

Plants, the shoots of which 
are exposed to dry air while 
they have difficulty in obtaining 
an adequate or sufficiently rapid 
supply of water to make good 
the loss in transpiration, require 
arrangements to diminish the 
latter process. The ordinary 
limitation of transpiration by 
closure of the stomata is not 
sufficient in the case of plants 
of exceptionally dry habitats 
or climates. Only a few cormo- 
phytes can withstand drying 
up, as do many Lichens and 
Bryophyta (cf. p. 205), and most 
of them die when wilting is 
carried far. 

Plants with such arrange- 
ments to diminish the loss of 
water are termed xerophilous 
or XEROPHYTES. They are recognisable by their general habit. The 
morphological peculiarities which are involved in arrangements to 
diminish transpiration are referred to collectively as the xerophytic 
structure (xeromorphy). Desert plants, the plants of dry rocks 
and many epiphytes (cf. p. 173) are naturally extreme xerophytes. 
There are also xerophytes without marked xeromorphy. These are 
able to obtain water from relatively dry soil owing to the high 
absorbent power resulting from a concentrated cell-sap. 

^th morphological and anatomical arrangements are concerned in 
diminishing transpiration. Some of these adaptations may at the 
pi'otective against strong insolation or overheating. 

The following are anatomieal features which serve to diminish 



Fu!, 18‘2.— Stilt-roots in Ithizophora mucroiuUa 
in the Malay Archipelago. (After Karsten.) 
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transpiration : thick cutinised epidermal cell - walls and cuticle ; 
reflection of light from the cuticle; mucilaginous epidermal cells; 
formation of waxy and resinous coatings ; accumulation of calcium 
cfirbonate ; in the case of stems and roots, layers of cork ; reduction 
in the number of stomata ; narrowing of the stomata and their occlusion 
by resin or wax ; sinking of the stomata below the general level 
of the epidermis, either singly (Fig. 183) or in numbers in special 
flask • shaped depressions of the under side of the leaf (e.f/. 
Oleander), or the over -arching of the stomata by adjoining 
cells so that they come to be situated in cavities protected from the 
wind. Hairs, whether woolly, stellate, or scaly, which early become 
filled with air and give the plants a whitish or grey appearance 

(Edelweiss, Australian 
Proteaceae, Olive), may 
serve as a protection 
I against the sun’s rays. 
On the other hand, 
evergreen leaves may 
be small, leathery, and 
relatively poor in sap 
{e,g. sclerophyllous ever- 
green plants of the 
Mediterranean region, 
such as the Olive and 
Myrtle). The small 
size of the intercellular 



Fig. 188.— Transverse section of the epidermis of Moe nigricans. 
i, Inner, nncutinised thickening layer, (x 240. After 
Stjiasburgek.) 


spaces in the mesophyll 
is characteristic of the 
leaves of well-marked 


sclerophylls (Fig. 186) ; there is often no spongy tissue, but frequently 
several layers of palisade-cells beneath both upper and lower epidermis 
so that the structure of the leaf becomes bilaterally symmetrical. 


By sinking of the stomata or by a covering of ilead hairs spaces of quiet air 
saturated with water-vapour are obtained. The effect of this is to diminish the 
evai)oration from the stomata. 

In not a few otherwise xeromorpbous xerophytes the number of stomata j>er 
sq* cm. of the leaf surface is especially large. This is also found in some sun- 
leaves, This peculiarity must be advantageous for assimilation while the stomata 
remain more or less open in air that is not too dry. 


These anatomical arrangements are usually associated with 
marphologi^al peculiaritie&Kif the external form. 

Many xerophytes with small leaves have the branches crowded 
together to form a dense cushion (€.g. many Alpine plants, Fig. 184 ) : 
not only is transpiration checked by this, but a protection against too 
strong insolation is obtained* 
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A very effective protection against transpiration and light is 
obtained by the leaf-surface being i)laced vertically (Australian Acacias 
and Myrtaccac) ; this is often associated with a reduction of the 
lamina and a liattening of the petiole (phyllodks, Figs. 136, 185). 
Such leaves avoid more or less completely the rays of the sun when 
this is at its highest, and excessive heating and transpiration are 
thus prevented. 

A siiailar position of the leaves is met with in some of our native plants such 
as Ladnca sviiriofa, the Compass Plant in which all the leaves stand vertically and 
in the direction of north and south. 


The most important and most frequent means of protection against 
excessive transpiration is by the reduction of the trans])inng surface. 
This is effected by the dwarfing of the plant (NANISM) by diminished 
branching, by reduc- 
tion in the number 
of leaves, and lastly 
by reduction of th(j 
shoots or leaf-blades. 

The free surface of 
the leaf is reduced in 
the grasses of exposed 
situations and in cer- 
tain Ericaceae by the 
inrollingof thesurface 
(Fig. 187). In the 
(lenisteae, Cupres- 
saceae, and some New 



Fi<i. 184. — Uaoulia nuimmiVaria from New Zealand, showing Iho 
cushion-liko shape. (From Schimi*eu’s Plant-Geograjthy.) 


Zealand species of Veronica (cf. also Fig. 188), it is effected by 
reduction of the lamina, which is completely lost in Cactaceae, in 
some tree-like species of Euphorbia, and in some Asclepiadaceae. 

With the reduction in the leaf-surface the assimilation of carbon 
is also diminished, and a compensatory development of chlorophyll- 
containing parenchyma takes place in the stems of such plants. The 
twigs of the Broom (Saroihamnus scoparius), which bear only occasional 
leaves that are soon shed, are elongated and green (sclerocaulgus 
plants), a striking modification is exhibited by shoots which only 
develop reduced leaves, while the stems become flat and leaf-like and 
assume the functions of leaves. Such leaf-like shoots are called cladodes 
or phylloclades (Figs. 189, 190), those flattened shoots which have 
limited growth and specially leaf-like appearance being termed phyllo- 
clades, and other flattened axes cladodes. An instructive example of 
such formations is furnished by Rusem aculeatus (Fig. 189), a small 
shrub of the Mediterranean region whose stems bear in the axils of 
their soale-like leaves (/) broad sharp-pointed phylloclades (cl) which 
have altogether the appearance of leaves. The flowers arise from the 
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upper surface of these phylloclades, in the axils of scale-leaves. This 
affords a good example of the analogy between organs. The appear- 
ance and functions of the phylloclades are those of leaves, but the 
morphological features mentioned above show that they are shoots. 
A leaf-like flattening of the massive steins, which tliiis form cladodes, 



Fig. 185, — Acncta mnrijiiKUa, with vertically* 
placed phyllcxles. (From Hchjmpkr’s Plant- 
Geography.) 


is met with in the well-known 
Opuntias (Fig. 190), the bases of the 
branches remaining narrow. 

Special interest attaches to some 
xerophytes in which the stems as 
well as the leaves are reduced. Thus 
in the epijdiytic orchid TaemophyUum 
(Fig. 191) the flattened green roots 
represent the vegetative organs and 
carry on the functions of the leaves. 

The great development of scleren- 
chyma in the shoots of many xero- 
phytes not only contributes to 
the rigidity of the plant, but is 



Fia. 1S6.— Transverse section of the leaf 
of Capparis »pinom, var. aegyptiam, 
(X 40, SCHIMPKR, after VOLKBKS.) 


associated with the development of thorns. Thus spiny shoots, 
though not lacking in plants of our own climate that are not 
xeromorphic, are characteristic of many xerophytes of deserts and 
steppes. The thorns are lignified and rigid pointed structures that 
may either be unbranched or branched. They originate by the modi- 
fication of leaves or parts of leaves (leaf-thorns), of shoots (shoot- 
thorns), or less commonly of roots (root-thorns). In the Barberry 
(Berberis indga/ris) the leaves borne on the main shoots are transformed 
into thorns which are usually tri-radiate, while the lateral branches 
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bearing the foliage leaves stand in the axils of these thorns. In the 
Cactaceae also (Fig. 190) the thorns arise from leaf-primordia. In 
Hohinia (Fig. 192, cf. also Jcxacia, Fig. G99), and in the succulent 
species of Euphorbia^ the two stipules of each leaf form thorns. Shoot- 
thorns are found in Prunm nphiosa, Crataegus oxycanihn^ and Gleditschia 
(Fig. 193). 

In Colleiia cruciata all the slioots are flattened and spiny, so that, in addition 
to serving as protective structures, they perform the duties of the leaves which are 



lo, 187,— Transverse sections of the U*,af of Stiixi mji/Wa/ziOinuuineae). The leaf above in the closed 
state, the half leaf below eximuded. 17, lower sini’ace, without stomata ; 0, upper surface, 
with stomata (S); C, chlorophyllous mesophyll. (x :to. After Keener von Mariladn.) 

soon lost. Tlie plant is an American shrub belonging to the Rhamnaceae and 
grows in dry sunny situations, lioot-thorns occur on the stems of some Palms 
Acanthorrhim) and in Myrinecodia among Dicotyledons. 

Many xerophytes not merely strictly control tho giving off of water 
in transpiration, but, when it is obtainable, store water in special 
water-storage tissues against periods of need (cf. p. 46). In some 
cases the epidermal cells attain a large size or they may be divided 
parallel to the upper surface and give rise to a many-layered water- 
tosue (various Piperaceae, Begoniaceae, species of Fims, Tradescantia). 
Ihe water-storage tissue often has a more central position, and when 
largely developed gives the character of succulent plants. In certain 
Um^lliferae, Cucurbitaceae, Compositae Asclepiadaceae, and in species 
Of F^gonium and of the steppes and deserts the roots are 
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transformed for water-storage. I^eaf-succulents are more common {e,g 


Sedum^ Sernpervivum, Agave, Aloe, 
(Fig. 833) Meserribryayiflmnum), 
while examples of stem-succulents 
are afforded by the Cactaceae, 
species of EupliorUa, Siapelm, and 
other Asclepiadaceae (Figs. 190, 



Fia. 188.— SoZicornm herhuiea (Clienopodi- 
aceae), a characteristic halophyte. 
(From ScHiMPER’s Plant-Otography.) 



Fi<». 181> — of lluscns ucvhatus (Lili- 
acoa^O- /, ; c?, pliylloclade ; Id, 

flo\v<?r. (Nat. .size. After Sciienck.) 



Fjo. l{)0.—OpunUa monaoatUha, Haw., showing 
flower and fruit, (i net. size. After 
Schumann.) 


194) and Kleinia among the Compositae. The columnar or spherical 
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Cactaceae are especially characteristic of arid regions in the new world, 
while Euphorbias and Asclepiadaceae of similar habit take their place in 
the eastern hemisphere (Fig. 194 a~c). The “ cactus-form is evidently 



Kkj. \\^,-'iacniophiiIkun Zoliinijcri, A xoro]>hytic orchid without leaf or stem but with'greeu 
rtattened roots. (Nat. size. From Hcuimpek’s after Wiesneu.) 


very advantageous for xerophytes especially for those that have to 
succeed in very dry situations. Similarity in the mode of life has 
thus brought about a corresponding form in widely distinct plants. 
This phenomenon of (^ONVKiUiENOE OF characters is not infrequent. 
In extreme cases the form 
of the stem or the leaf 
of succulent plants may 
approach that of a sphere ; 
this, for a given volume, 
exposes the minimum surface 
and is thus advantageous 
in diminishingtranspiration. 

Noll has estimated that 
the loss of water from a 
spherical Cactus is 600 
times less than from an 
equally heavy plant of 
Aristolochm sipho with its 

pound leaf of Rohinia Pumd niuch greater SUrface. Such Fki. 198.~Stem.t]K>rnof 
acam. w, Stipules modified sUCCUlent StemS are really ('Ifditschiatriacanthos. 
into thorns ; p, piilviuus. , i . £ '^ (h After 

anatsize. After Schbnck.) tuberous Storage Organs for s’henck.) 
water, 

(c) Adaptations to periodically moist Climates. Tropophytes 

In some moist and warm regions the climate remains almost 
equally favourable to the growth of plants throughout the 
y^r. Wherever, however, there is a marked periodicity in the 
climate, with an alternation between a period favourable to the growth 
of plants and a more or less injurious season, a corresponding 



Pki. 192.— Part of stiein and com- 
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PKRIODICTTY is fouTid in the vital processes of the plants. The resting 
period may be brought about either by dryness or by the cold of a 
winter season. Many of the plants living under such a climate show 
ditferences in structure as compared with those of uniformly moist 
tropical regions. Only those forms will succeed that can endure the 
unfavourable period in one way or another. The main danger when 
a cold winter alternates with a summer period lies in death from 
lack of water during the physiologically - dry cold period. This 
danger does not threaten extreme xerophytes since they are suited 
to dry habitats in the favourable period. It is othei wise with plants 
that are not xoromorphic. The majority of our native corniophytic 
plants show protective arrangements against an unfavourable season. 


Fio. J94. — PJants with succulent stems, a, Stafielia gnaidlflorn ; C(‘reus Pringhi ; 
c, Kuphorhia erosa, (?, nut. size.) 


In the favourable period they resemble hygrophytes in not requiring 
any special protection against excessive transpiration, but they behave 
as extreme xerophytes during the unfavourable period. Such plants 
are spoken of as tropophytes. 

The •plants of periodically moist climates may be pei ennial woody 
plants (trees and shrubs), perennial herbaceous plants, and annual 
herbs. 

It is especially the leaves as the organs of transpiration that are 
exposed to risk during dry periods. Thus the shedding of the 
hygromorphic leaves before the unfavburable period in the case of 
deciduous trees or the dying down of the leafy shoots in many 
herbaceous plants is readily understood. A few evergreen plants with 
xeromorphous leaves {e g, the Conifers and Ilex) appear as exceptions to 
this. Further, the embryonic tissue, from which the lost parts will be 
replaced at the commencement of the favourable season, may require 



DIV. I 


MORPHOLOGY 


167 


to be specially protected from the risk of desiccation. This is effected 
in a variety of ways. 

1. The woody plants of periodically moist climates protect the 
growing points within wintku buds (Fig. 195) during the dry or 
winter period. 

Such buds are protected by the uud-scales which are in close contact. The.se 
may be derived from entire ])riniordial leaves that remain unsegniented but more 
commonly are formed from the enlarged and modified leaf-base. Tlic upper 
portion of the leaf may scarcely develoj) or may be recognisable at the tip of 
the bud-scale in a more or less reduced condition. Thus in an opening bud 
of the Horse Chestnut {Aescnlus hippocastaniim) in the sjuing the small leaf- 
blade can be clearly seen in the case of the inner 
bud-scales, while it is scarcely visible on tlie 
outer scales. In other cases {e./j. in the Oak) 
the bud-scales arise from stijuiles and tlius also 
belong to the leaf-base. The base of a sub- 
tending leaf may remain and cover th<i axillary 
bud after the re.st of the leaf is .shed ; in Uobinia 
such a leaf-base provides the entire protection 
for the winter-bud. 

Bud-scales are thick, leathery, and hard, and 
usually brown in colour. They are rendered 
even more cifttclive in protecting the buds from 
desiccation by corky or hairy coverings, by 
excretions of re.siii, gum, or mucilage, and by 
the enclosure of air betw’ceii the scales. Resin, 
etc., are usually .secreted by peculiar, stalked, 
glandular hairs or coi.leteks (cf. Fig. 53) ; in the 
case of the winter buds of many trees {e.g. the 
Horse Chestnut) a mixture of gum and re.sin is 
thus secreted and, becoming free on the bursting 
of the cuticle, flows between the scales, sticking 
them together. When the buds open in the tlio Beech 

spring the bud-scales as a rule are shed. The JxaV. size. After Scuekck.) 
internodes between them being very short, the 

scales leave closely crowded scars on the shoots by tin lielp of which tlie growth 
of successive years can be recognised. 

2. The perennial herbs sacrifice not only the leaves but whole 
leafy shoots with their buds, so far as these project in the air and are 
exposed to the danger of drying. The buds that persist through the 
winter may be just above the surface of the soil but protected by 
fallen leaves or by snow, or they are subterranean (geophytes) and 
more effectively protected both against desiccation and frost by the 
surrounding earth. 

When the persisting buds are above ground they may be borne on creeping 
surface shoots {e.g. Haxifraga^ Stellaria kolosledf Thymus, etc.), or on subterranean 
shoots or rhizome.*), as in the perennial rosette-plants {Beilis, Taraxacum, Primula), 
and in biennials which pass the winter with a rosette of leaves {e.g. Ferbascum, 
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Digitalis^ etc.). Here also, as in the case of geophytes, subterranean storage 
organs may occur. 

In the GEOPHYTES or herbs with subterranean buds which 
persist through the winter, the parts which bear tlie buds have a 
construction corresponding to their life in the soil. They may be meta- 
morphosed shoots (rhizomes, tubers, BUliBs), or mctainorj)hosed roots 
root-tubers). The buds that form new shoots in the spring require 
a supply of food -materials, especially when they are ])laccd some 
distance below the surface. These food-materials were constructed 


in the preceding favourable scfison before the aerial shoots dierl down. 

The subterranean 
organs formed 

w /y h: ^ storage 

parenchyma, are 
naturally thick or 
I • swollen, to allow of 

'' 1 V the accumulation of 


'nf 

I V/ 


N" 




^ ^ Bally de- 

^ ^ pleted at the com- 

' y ^ menceraent of the 

^ I\ • period favourable 

for vegetation, and 

then (except in the 

Fi(.. IIKJ.—Part of a jjroAving Potato-plant, xSolanum tnhrriKsum. The caSC of many 
whole jjlant has been deveUiped from the dark -coloured tnlxr i ^ ^ 

in the centre. (J^ nat. size. After Schenok.) rillZOmcS) periSll 

and are replaced. 

(a) Root-stocks or RrrizoMES and stpim-tubers are colourless 
subterranean shoots, the former being thick or relatively thin with 
shorter or longer internodes (Figs. 121, 139), while the latter {e.g, 
the Potato-tuber, Fig. 196) are greatly thickened. The leaves, as is 
the rule in subterranean shoots, are developed as scales. The reserve- 
materials are stored in the stem, which is on this account usually 
swollen. By the presence of scale-leaves, with their axillary buds, 
the absence of a root-cap and the internal structure, a rhizome or 
tuber can be distinguished from a root. 


organs, formed 
largely of storage 
parenchyma, are 
naturally thick or 
swollen, to allow of 
the Jiccnm Illation of 
reserve - materials. 
Such storage organs 
are utilised by 
many animals and 
bv man as a source 


Fi<,. IbO, — Part of a groAving Potato-plant, Solan uin tuhrroi^uYn. The 
whole jdant has been deve)(»ped from the dark -coloured tnlxr 
in the centre. (J^ nat. size. After Hchenck.) 


While all transitions between rhizomes and shoot-tubers exist, roots are usually 
absent from the latter, while the rhizomes, which may grow horizontally, obliquely, 
or vertically, and be branched or unbranched, as a rule bear roots. 

In Fig. 139 is shown tlio rhizome of Solomon’s Seal ' ( multi- 
florum), which has been already referred to as an example of a sympodium. At 
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c, d, and c are seen the scars of the aerial shoots of tlie three preceding years ; at 
h may bo seen the base of the stem growing at the time the rhizome was taken 
from tlie ground, while at a is shown the bud of the next year’s aerial growth. 

The tubers of the Potato, of Colchicum aniu'niiicilc.^ and Crocus safAvus, arc 
examples of stom-tuhers. Tlje tubers of the Potato (Fig. 196) arc su})terraneari 
shoots with swollen axes and reduced leaves. They are formed from the ends of 
branched underground shoots or runners (stolons), and tlms develop at a little 
distance from the parent-j)lant. The so-called eye.s on the outride of a potato, 
from which the next year’s growth arises, are in reality axillary buds, but the 
scales which represent their subtending leaves can only be distinguished on very 
young tubers. The parent.})lant dies after the formation of the tubers, and 



Km. 107. — Ivongitiulinal seetiou 
of Tulip bulb, TuU-jvx (fesyirrittno. 


the reserve-food stored in the tubers nouiishes 
the shoots which afterwards develop from the 
eyes. 

In the Autumn Crocus (Fig. 8-50), new tubers 
arise from axillary buds near the base of the 
modified shoot, but in the SalTion (Fig. 839), 



zk, Mo<Htie(l stem; zs, scale-leaves; 

r, tenniiial bud ; ;r, rudiment of a Fio. 108.— Root-tubers of DahlUi variabilis, s, The 

young bulb ; roots. (Nat. lower portions of tbe cut sUuns. (1 nat. size, 

size. After fcicHENCK.) After Schenck.) 


from buds near the ape.x. In consequence of this, in the one case the new 
tubers appear to grow out of the side, and in the other to spring from the top of 
the old tubers. 

The Radish is also a tuberous stem, although only a portion of a single 
internode, the hypocotyl of the seedling, is involved in the swelling. The upper- 
most portion of the main root also contributes to this. 

The Kohl rabi has an above-ground tuberous stem derived from a number of 
internodes of the shoots and rich in stored reserve-materials. 

. {b) Bulbs {e,g. Onion, Tulip, Hyacinth) also belong to the class 
of subterranean metamorphosed shoots. They represent a shortened 
shoot with a flattened discoid stem (Fig* 197 the fleshy thickened 
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scale leaves (x'.s) of which are filled witli njserve food-material. The 
aerial shoot of a bulb develops from its axis, while new bulbs are 
formed from buds (k) in the axils of tlie scale-leaves. 

(r) Other herbaceous perennials of periodically moist climates 
(e.g. the Dahlia and many Orchids) form root-tubers (Figs. 198, 199). 
They resemble the stem-tubers, though their true nature can be 
recognised by the presence of a root-cap, tlic absence of leaves, and 
the internal structure. Tuberous main roots are found in the Carrot 
and the Beet, both of which are biennial plants. 



The morphology of the tubers of the Orcliidaceae is peculiar ; they are ovate 
(Fig. 199, cf. Figs. ^b7, 861) or palrnately divided [Orchis laU/olia, Fig. 858). 
They are, to a great extent, made up of a fleshy swollen root terminating above in 
a shoot-bud. In the adjoining figure (Fig. 199) both an old [I') and a young 

tuber [t") are represented still 
united together. The older 
tuber has ]»ro(iiiced its flower- 
ing shoot (h), and has begun to 
shrivel ; a bud, formed at the 
base of the shoot, in the axil 
of a scal(*-leaf (s), lias already 
developed an adventitious root 
which lias given rise to the 
younger tuber. Roots of 
ordinary form arise from the 
base of the stem above the 
tuber. 

Many bulbs, tubers, and 
rhizomes occur at a specific 
DKJT ii, which may, however, 
vary uitli the natiiie of the 
soil. Thus the rhizome of 
run's is placed at a depth of 
2-5 cm., that of Arvvi at 6-12 
cm., of Colchicnm at 10-16 cm., 
and Asparagus qficmalis at 20-10 cm. The seeds of these ]dants germinate close 
to the surface of the soil so that the subterranean shoots of the young jdants must 
penetrate more and more deeply into the earth. This may be elfected by the 
movements of growth of the stem (cf. p. 346) or by contiaciile roots. Thus in 
Lilium (Fig. 200) all the roots are highly contractile ; this is best seen in Fig. 200, 
3, where the two lowest roots have contracted strongly and so altered the position 
of the bulb that the higher roots appear curved near their attachment. When the 
bulb has reached the prof>er depth it is only drawn down each year to comj>en8ate 
for the onward growth of the growing point. In other ca.ses all the roots are not 
contractile (Arum)^ or only one or a few contractile roots are developed [VrocuSy 
Gladiolus), While the above examjdes are of lateral roots a similar result may be 
brought about by the main root. Thus in some rosette-plants the main root 
continues to contract as secondary growth proceeds, so that the growing point of 
the shoot is drawn down each year as much as it is raised by its own growth, and 
the rosette of leaves remains pressed against tlie surface of the soil {e.g, Qentiana 
lutea). 


Ero. 10(>,~Root-tub(*i of Orchis .somewhat tliuKiaminativally 
representefl. t\ The old rof)t-tnber ; t'\ the young root- 
tuber; b, floral sljoot ; s, .scale-leaf with axillary bud, A:, 
from which the new tuber ha.s ari.sen ; r, ordinary adven- 
titious roots ; w, the scar on the old tuber marking its 
attachment to its parent-.shoot. nat. size.) 
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3. Annual herbs do not retain their vegetative organs during the 
unfavourable season, which they pass safely in the form of dry seeds 
within which the reserve materials are stored. 

The more uniformly favourable for vegetation the climate is 
throughout the year (as in the moist tropical regions) the more do 


3 1 2. 



Fio. 200. -2-4, (iermination of lAlium mudaytiu (re«Uu!fld). Tin* hori/oiital line marks the surface 
of the soil ; the vertical line is graduated in cenUmetres. 2, Seedling attaclie<l to seed ; 

plant at end of the second year ; young plant still de.sueiidiug in the soil ; 4, full-grown 
plant at its nonnal depth. /J, Cohhicum autum lude (somewhat i educed). The original 
position of the tuber, which has been altered by the contraction of the iwIn, is sliown by 
the dotted outline. Contracted r(K)t of LiHaw. (x 6. After Rimbach.) 

evergreen woody plants prej)onderate, though evergreen perennial 
herbs are also present. On the other hand, as the periodicity in the 
climate becomes more extreme, as in regions with a 1. rig dry period or 
in climates with severe winters, the percentage of deciduous tropophytes 
with marked protective arrangements increases, while annual plants 
and geophytes preponderate among the herbs. Annual plants become 
rare in regions where the growing season is very short and cold as in 
the case of arctic and alpine floras. 
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(b) Adaptations for obtaining Light (^‘’0 


In the luxuriant vegetation produced under favourable climatic 
conditions plants of large or gigantic size are met with. The primeval 
tropical forest is composed of such large trees (cf. also p. 1 33), beneath 
the sliade of wdiich larger and smaller evergreen shru})s and evei'- 
green herbaceous plants live. The direct sunlight is in large ])art 
intercepted by the foliage of the upper strata of this vegetation and 
does not reach the smaller plants. 

In the struggle for light and space two groups of cormophytes of 
characteristic construction have emerged, in addition to trees and shrubs. 
These are the climbing plants or lianes and the kpiphytks. They 



Fm:. 201. - Portion of stoin ami leaf of the common Pea, 
Pimm sativum, s, Stem ; ?», stipules ; h, leaflets of the 
compound leaf ; r, leaflets modiliod as tendrils ; a, Aural 
shoot. G nat. size. After Schenc k.) 


Fi( 202. — LalhyvKs Aphant., 
s, Stem; stipules; 

leaf-tendril. (A nat. 
size. After Sohknok.) 


are specially characteristic of the tropics, though also represented in our 
native flora. 

1. Lianes or Climbing Plants — These are able without great 

expenditure of material in the construction of columnar stems to raise 
their foliage above the shade of the forest and obtain stronger light. 
Their slender stems climb by the help of the shoots, trunks, and 
branches of other plants. It is the rope-like stems of lianes that 
render many parts of the tropical jungle almost im})enetrable. 

Climbing is effected in a nuraW of diflerent ways. Some plants 
SCRAMBLE by means of hooked lateral shoots, by hairs and prickles, by 
a combination of these or by means of thorns {€,g. Galium aparine, 
Roses, Solarium dulcamara ) ; others climb by means of roots (root* 
CLIMBERS, e.g. Ivy, many Araceae, Fig. 826), or by twining stems 
(TWINING PLANTS, c.g. Hop, Scarlet Runner Bean) ; in others tendrils 
are developed as special organs of attachment (tendril-climbers). 
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Tendrils are slender, cylindrical, branched or unbranched organs ; they 
are irritable to contact (cf. p. 306 ), and tlius able to encircle supports 
to which they attach the plant. They may be mktamouphosed 
SHOOTS (stem-tendrils) as in the Vine, the Wild Vine (Fig. 203), and 
the Passion-flower. In other cases they are transformed leaves 
as in the Gourd, the Cucumber, and Lathynis aphuca (Fig. 202); 
in the last example the functions of the leaf-blade, which has become 
the tendril, have been assumed by the expanded stipules. In the Pea 
(Fig. 201) and many other cases the uppermost leaflets of the pinnate 
leaf form a branched tendril. 

In some forms of the Wild Vine Partlicnocissu.^ (Fig. 203) the 
branched tendrils bear attaching discs at their tips and can thus fasten 
the plant to flat surfaces. 


Tlie great width of the vessels and sieve-tubes is charactoiistic of almost all 
Hanes. In tropical climbers anomalous secondary growth is frequently met with, 
resulting in a subdivided, woody mass that renders 
the long, rope-like stems capable of withstanding 
bending and twisting. A very peculiar structure 
is exhibited by many lianos of the Hignoniaceae, 
the wood of which is cleft by radially-projecting 
masses of bast (Fig. 205). The |>rimary stem of the 
Bignoniaceae shows the ordinary circular arrange- 
ment of the vascular bundles. Wood and bast are 
at first produced from the cambium ring in the 
usual manner, and an inner, normal cylinder of axiai. 
wood is formed. The cambium ring, after performing 
for a time its normal functions, begins, at certain 
points, to give off internally only a very small 
quantity of wood, and externally a correspondingly 
large amount of bast. As a result of this, deep 
wedges of irregularly-widening bast project into 
the outer so-called rEuiAXiAL wood (Fig. 205), The 
originally complete cambium become.s thereby broken 
into longitudinal bands, which are broader in front of the projecting wood than at 
the apices of the bast-wedges. As the jjcriaxial wood is always developed from the 
inside and the wedges of bast from the outside of their respective cambium bands, tlicy 
extend past each other without forming any lateral connection. Several woody 
cylinders are found in a number of tropical Hanes belonging to Serjania (Fig. 204) 
and Paulliniaj which are genera of the Sapindaceae. This anomalous condition 
arises from the unusual position of the primary vascular bundles, wliich are not 
arranged in a circle but form a deeply-lobed ring ; so that, by the develojunent 
of interfascicular cambium, the cambium of each lobe is united into a separate 
cambium ring. Each of these rings, independently of the others, then gives 
rise to wood and bast (Fig. 204). 



Fi«;. 203. — J'itr(hetu) 3 iiitins tri~ 

cusjtidixta. H, Stejii-tendrils. 
Q nat. sizL>, After Noll.) 


2, Epiphytes (^^^•^). — In another group of cormophytes the leaves 
obtain stronger light by the plants being able to establish themselves 
on the stems and branches of high trees instead of being rooted in the 
ground. Such plants are termed epiphytes. Since the trees only 
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afford them support they may be replaced by inorgjinic substrata such 
as rocks. Only such plants as have seeds which will be carried by 
wind or animals to the ])ranches of trees can adopt an epiphytic mode 
of life. The supply of the requisite w^ater and nutrient salts will, 
evidently be a difficulty. Consequently special ada})tations are found 
to meet this ; in many epiphytes shoot-tubers serve for water storage 
in the Orchidaceae), being replenished in moist periods, or there 
may be adaptations to catch water more directly. 





ui. 204. -Transverse section of 
the .stem of Sn-junio Lnrunf- 
tmna. sic, Part of the rup- 
tured solere!ichyinatous riu;,' 
of the pericycle ; I and I*, biist 
zones ; Uj, wood ; m, ineduLla. 
(X 2. After Strasritrokr.) 



Fio. 205.™ Transveise section of the stem of one of the 
Bij;noniaceae. (Nat. size. After St:HKNc:K.) 


In our latitudes ejiiphytes are represented only by some Algae, Licliens, and 
Bryophyta growing on the bark of trees ; most of these can withstand dessication. 
In the tropics, however, many cormophytes live as epiphytes. These plants 
belong especially to the Pteridophyta and the families Orchidaceae, Bromeliaceae, 
and Araceae, etc. 

Their difficulty in obtaining water explains why the tropical epiphytes are nearly 
all well-marked xerophy tes (Fig. 191 ). They are fastened by attaching roots which 
are relatively short, unbranched, and negatively heliotropic, and grow round and 
clasp the branch on which the plant grows. In addition to these attaching roots, 
much longer absorbent roots are found in many Araceae, hanging down freely in 
the air without branching until they reach the soil. 

Most epiphytes, however, have no connection with the ground and are dependent 
on the rainfall for their water-supply ; they frequently have special arrangements 
for collecting and retaining this. The many-layered epidermis of the aerial roots 
of many Orchids, and of various Aroids, undergoes a peculiar modification 
and forms the so-called velambn, a parchment -like sheath surrounding 
the roots, and often attaining a considerable thickness. The cells of this 
enveloping sheath are generally provided with spiral or reticulate thickenings, 
and lose their living contents. They then become filled with either water or 
air, depending ui^on the amount of moisture contained in the surrounding 
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atmosphere. These root* envelopes absorb water like blotting-pap«r ; when the 
velamen is filled with water the underlying tissues impart a greenish tint to the 
root ; but if it contains only air the root ajipears white. In other ejnphytic 
Orchidacoao and Araceae there are upwardly-directed roots forming a brancdied 
network in which falling leaves, etc., are cauglit and transformed into liumus that 
retains moisture. Among the Ferns also there are epiphytes which collect humus 
by moans of their leaves. 

In Asplenium nidus the 
leaves form a rosette 
enclosing a funnel- 
shaped cavity above the 
summit of the stem, and 
humus accumulates in 
this. In species of Poly- 
podium and Plaiyceriuiu 
special pocket-leaves and 
mantle-leaves serve for 
the accumulation of 
humus and water. The 
transformation of the 
leaves of tlie Ascle- 
piadaceous plant Dis- 
efiidia rafflesiana (Fig. 

206) goes still further. 

Some of the leaves 
form deep pitchers vith 
narrow moutlis in which 
the water of transpira- 
tion becomes condensed ; 
roots, which branch 
freely, grow into the 
pitchers, and obtain not 
only water but valuable 
nitrogenous substances. 

The pitchers are, in fact, 
usually tenanted by 
colonies of ants, and 
their excreta and re- 
mains form a source of 
food to the plant. 

The American Bro- 
moliaceao afford an extreme type of epiphytic plants in which the roots may 
be completely W'anting {c.g. Tillavdsict usnccrides) or serve for attachment only. 
The absorption of water i.s entirely by means of peculiar, expanded, })eltato hairs 
borne on the leaves. In many of these plants water collects in the cavities formed by 
the closely associated leaf-bases, and the plants are spoken of as cistern epithytes, 

(c) Adaptations of Green Cormophytes to special Modes 
of Nutrition 

The so-called inseotivokous or carnivorous plants must be 
referred to here ('"*). These are plants provided with arrangements 



Fui. Uajirsiana with foliagu-lcaves (0 and pitcher 

heaves (k). 11, Pitcher cut longitudinally ; f>, oi>eniiig ; sf, stalk ; 
w, root. {A alKUit B about ^ nat. size. After Tiikub.) 
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for the capture and retention of small animals, esi)ecially insects, and 
for the subsequent solution, digestion, and absorption of the captured 
animals. All these insectivorous plants are provided with chlorophyll, 
and can thus live autotrophically. 

A great variety of contrivances for the capture of insects are made 
use of by carnivorous plants. The leaves of Drosera are covered with 
peculiar emergences (“tentacles”), the stalks of which are traversed 
by vascular strands while the glandular extremities dischai'ge a viscid 
acid secretion (Figs. 207, 208). A small insect which comes in 
contact with any of the tentacles is caught in the sticky secretion, 
and in its ineffectual struggle to free 
itself only comes in contact wdth other 
glands and is even more securely held. 
Excited by the contact - stimulus, all the 
other tentacles curve over and close upon 


Fig. '2{>7, -ljesLxeH {){ iJrosera rotunilifolia. That on the left with its partly iiirurved tentacles is 

viewed from above, that on the right with exi»andi‘d teiilaclos from the side. ( \ 4. After 

Darwin.) 

the captured insect, while the leaf-blade itself becomes concave and 
surrounds the small prisoner more closely. 

In Pinguicida it is the leaf margins which fold over any small insects that may 
be held by the iniimte epidermal glands. In species of Utriculuria (Fig. 209), 
which grow frequently in stagnant water, small green bladders (metamorphosed 
leaf-segments) are found on the dissected leaves. In each bladder, which is filled 
with water, there is a small quadrangular opening closed by an elastic valve, which 
only opens inwards. If small aquatic animals, e8j)ecially crustaceans come in 
contact with one of the four lever-like bristles projecting from the lower margin of 
the lid of the bladder or with the lid itself, they are drawn into the bladder by a 
peculiar ** gulping movement”; this comes about by the release of the elastic 
tension of the wall, dependent on a cohesion mechanism (cf. p. 336). The valve 
springs back into jdace and closes the opening so that the animals are imprisoned. 
Hairs projecting from the inner surface of the bladder absorb the digested remains 
of the animals and also some of the water. In this way the condition of elastic 
tension is re-establised and the bladder is again ready to perform the gulping 
movement 
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More remarkable still, and even better adapted for its purpose, is 
the mechanism exhibited by some exotic insectivorous plants. In 
the ca,se of Venus s fly-trap (Dmiaea), growing in the peat-bogs of North 
Carolina, the capture of insects is effected by the sudden closing together 
of the two halves of the leaf, which are fringed with long bristles. 
Fig. 210 shoM’S a leaf of Dionaea in the expanded condition, ready for 
the capture of an insect. 

Th« rare European water-plant Aldrovanda has similarly formed leaves. 

In the case of other exotic insectivorous plants {Nepeidhes^ 
Cephalotvs, Sarmcenm^ Darlingiimin), the ti*aps for 
the capture of animal-food are formed by the 
leaves which grow in the shape of pitchers (Figs. 
211, 212). The leaves of Nepenthes^ for example, 
have the form of jdtehers which are usually 



Fkj. 2ti8. — Tentacle ol‘ 
Droaera rot undi/ol ia. 
(x 60. After Stba.s. 

BURGER.) 



of bladder. (A, J?, aft<?r Schenck; C, a^er Goebel.) 


roofed over by a lid that probably serves to keep the rain- 
water out; the pitcher, as Goebel has shown, arises as a 
modification of the leaf-blade. At the same time the leaf-base 
becomes expanded into a leaf-like body, while the petiole between 
the two parts sometimes fulfils the office of a tendril. These 
trap-like receptacles are partially filled with a watery fluid excreted 
from glands on their inner surfaces. Enticed by secretions of honey 

N 
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to the rim of the pitcher (in the case of Nejprfithes), and then slipping 
on the smooth surface below the margin, insects and other small 
animals fall into the fluid. They, are prevented from climbing out by 
the smooth waxy covering of the inside of the pitcher. 

B. Heterotrophic Cormophytes 

The green cormophytes utilise the light and by means of their 
chlorophyll construct organic substance from carbon - dioxide and 
water ; they also require to transpire in oi'der to accumulate the 
nutrient salts from the soil in sufhcient amount. Besides these forms 
others, which obtain some or all of their organic siibstjince directly 
from the environment, are met with among cormophytes, just as they 
occur among the thalloid plants. They do not depend upon light 
or transpiration, and frequently live, at the expense of other living 

organisms as PARASITKS. 
The peculiar form of these 
plants and the contrast they 
present to the green conno- 
phytes ure related to their 
special mode of nutrition. 
From the changes in their 
external appearance it is 
evident how far-reaching is 
the influence exercised by 
the chlorophyll. With the 
diminution or complete dis- 

Fk3. 210.— a leaf of Vionaea inmtripula, showing the appearance of chlorophyll, 
sensitive bristles on its upper surface, which, in the fkg develoDmeilt of larrrp 
parts shaded, is also thickly beset with digestive i j. , ^ 

glands, (x 4. After darwi.v.) leal - surfaccs, SO especially 

fitted for the work of 
assimilation and transpiration, is discontinued. The leaves shrink 
to insignificant scales, or are completely wanting. The stems 
also are greatly reduced and, like the leaves, have a yellow instead 
of a green colour. Since there is no active transpiration the roots 
in many forms are reduced. Consequently the xyleni portion of the 
vascular bundle remains weak, and secondary wood is feebly developed. 
In contrast to these processes of reduction resulting from a cessation 
of assimilation, there is the newly-developed power in the case of 
parasites to penetrate other living organisms (the hosts) and to deprive 
them of their assimilated products. 

Some exotic parasitic plants, especially the Kaffiesiaceae, have 
become so completely transformed by their parasitic mode of life that 
they develop no apparent vegetative body at all,, and do not show the 
characteristic segmentation of cormophytic plants, but grow altogether 
within their host-plant, whence they send out at intervals their extra- 
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ordinary flowers. In the case of PilostyleSy a parasite which lives on 
some shrubby Leguminosae, the whole vegetative body is broken up 
into filaments of cells which penetrate the host-plant like the mycelium 
of a fungus. The flowers alone become visible and protrude from the 
stems and leaf-stalks of the host-plant (Fig. 213). The largest known 
flower, which attains a diameter of 1 metre, is that of the Sumatran 



Pio. 211.— rohusUi. (J nat. size. After Si’HEN< k.) 


Fin. 212.— ritcl»ere«l leaf of a 
Nepenthes. A iMjrtion of the 
lateral wall of the pitcher 
has been removed in order to 
show the digestive fluid (F), 
(jxcreted by the leaf- glands, 
(i nat. size. After Noll.) 


parasitic plant Rafflesia Jrnoldi ; it is seated immediately on the roots 
of its host-plant, which is a species of Cissus. 

Cuscuta europea (Fig. 214), a plant belonging to the family of the Convolvu- 
laceae, may be cited as an example of a parasitic Phanerogam. Although, owing to 
the possession of chlorophyll, it seems to some extent to resemble normally a.ssinii- 
lating plants, the amount of chlorophyll present is in reality so small that it is 
evident that Ouacuta (Dodder) affoids an example of a very complete parasite. 
The embryonic CuectUa plantlet, coiled up in the seeds, pushes up from the 
ground in the spring, but even then it makes no use of its cotyledons as a means 
of nourishment ; they always remain in an undeveloped condition (Fig. 214 at the 
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right). Nor does any iiiideigronnd root-system develop from the young rootlet, 
which soon dies off. The seedling becomes at once drawn out into a long 
thill filament, the free end of which moves in wide circles, and so inevitably 
discovers any plant, available as a host, that may be growing within its reach. 
In case its search for a host-plant is unsuccessful, the seedling is still able to creep 
a short distance farther at the exjicnse of the nourishing matter drawn from the 



Fi<;. 213.— Branch of a leguminous j^lant from the surface of wiiich the flowers of a parasitic 
plant (Pilostylfs Ulei, Soltus, belonging to the Ua«icsiat‘eae) are protruding. (From Gokbkl’h 
Organography.) 


other extremity of the filament, which then dies off {t) a.s the growing extremity 
lengthens. If the free end, in the course of its circling movements, comes 
ultimately into contact with a suitable host-plant, such a.s, for example, the 
stem of a Nettle or a young Willow shoot (Fig. 214 in the centre), it twines 
closely about it like a climbing plant. Papillose protuberances of the epidermis 
are developed on the side of the parasitic stem in contact with the host-plant, 
and pierce the tissue of the host. If the conditions are favourable, these prk- 
HAUSTORiA are soon followed by special organs of absorption, the haustoria (/i). 
These arise from the internal tissues of the parasite, and possess, in a marked 
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degree, the capability of penetrating to a considerable depth into the body 
of the host-plant. They invade the tissues of the host, apparently without 
difficulty, and fasten themselves closely upon its vascular bundles, while single 
hypha-like filaments produced from the main part of the haustoria penetrate the soft 
parenchyma and absorb nourishment from the cells. A direct connection is 



'JU.—Ciiscuta tiuropam. On the ri^ht, germinating seedlings. In the middle, a plant of 
CuHcuta parasitic on a Willow twig ; h, reduce<l loaves ; 111, tlowor-clusters. On the loft, cross- 
section of the host-plant showing haustoria H of tho parasite Cu^, ])enetrating the cortical 
IMirencliyina and in intimate contact with the xylem r and tho idiloem c of the vascular 
bundles ; s, displaced cap of sheathing sclerenchyma. (After Noll.) 

formed betw^een the xylem and phloem of the bundles of the i\ost-plant and the 
conducting system of the parasite, for in the thin-walled tissue of the haustoria 
there now develop both wood and sieve-tube elements, which connect the corre- 
sponding elements of the host with those of the parasitic stem (Fig. 214 at the 
left). Like an actual lateral organ of the host -plant, the parasite draws its 
transpiration water from the xylem, and its plastic nutrient matter from the 
phloem of its host. 
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Tlie seeds of Orohanche (Broom llape), another parasite, only germinate when in 
contact with the roots of the liost-plant ; only its haustoria penetrate the roots, 
and its light yellow, reddish -brow'n, or amethyst-colonrcMi llowor-shoot ap]>ears 
above the surface of the ground. Orohanche (Fig. 792), like CHscuia, contains a 
small amount of chlorophyll. Both are dreaded i)ests ; they inflict serious damage 
upon cultivated plants, and are difRcult to exterminate. 

A similar appearance to Orohanche is presented by some plants which grow in 
the humus soil of woods: certain Orchids {Neottia, Comlliorrhiza^ Bpipotjofi) and 
Monolro^m. The absence of chlorophyll, the reduction of the leaves to scales, and 
(in Coralliorrhiza) the absence of roots also (cf. Fig. 2ir»), are indications that 
these plants obtain organic material from without. 

In contrast to parasites, which have come to be wholly dependent on their host- 



Fio. 21'j.— Rhizome of Condlor- 
rhiza invata. «, Floral shoot ; 


plants, there are others which have wc]]-develo|)ed 
green leaves and are capable of assimilation. Good 
exainjdes are afforded by our native Mistletoe 
(Fig. Gri2) and other exotic Loiaiithaccae (cf. p. 202) 
W'hich are ]>arasitie on tiees. 

II. Organs of Reproduction 

A. Significance of Reproduction to the 
Organism. — A natural or an accidental death 
is the end of every organism. For the 
maintenance of living beings reproduction 
is thus as essential as nutrition. The main 
feature of reproduction consists in portions 
of an individual continuing after its death, 
and possessing the power of developing into 
new individuals. The simplest type of 
reproduction is met with in the division 
into two and the separation of tlic daughter- 


6, rudiments of 
branches. (Nat. 
SOHACllT.) 


new rhizome, cells of many unicellular plants. Some 
Hue. After organised, multicellular I’hallophytes, 

such as Spirogyriij are not far remo^’ed from 


this ; the filament falls into the constituent single cells, and each of 


these, by repeated cell-division, gives rise to a new multicelhdar 


individual. As a rule, however, reproduction involves the formation 


of special germs which are separated from the parent-plant, and later, 
oh germination, give rise to young daughter-organisms wdiich grow 
into new individuals like the parent. 

While in the unicellular and in simpler multicellular plants every 
cell can serve for reproduction, in all the more highly organised plants 
a division of labour is apparent between vegetative organs and repro- 
ductive organs. The latter are specially constructed for the produc- 
tion of reproductive cells or germs. With the higher organisation of the 
plants, the division of labour becomes increasingly marked and 
parts of the body are now definitely devoted to reproduction. The 
subdivision of the vegetable kingdom into Classes, Orders, Families, 
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etc., is based in the first place on the diversity of stiucture and position 
of the organs of reproduction. 

B. General Properties of the Germs. — The construction of the 
germs, as in the case of the vegetative organs, is closely connected 
with the purposes they have to serve. 

The small size of most reproductive bodies, in comparison with the 
parent-organism, is characteristic. The parent-plant can thus produce 
numerous germs without excessive expenditure of material, while at 
the same time the distri])Ution of the germs is facilitated. 

The object of reproduction is not merely the production of a new 
individual in place of the parent, but an increase in the number of 
individuals. Since the majority of the germs may not meet Avith 
favourable conditions for their germination and groAvth, and a large 
number will perish before they can in turn reproduce, the pro- 
duction of only a single germ would result in the speedy extinction 
of the species. An apparently j)rodigal j)roduction of germs is thus 
the rule. A cap-fungus or a fern may form millions of spores ; a 
poplar tree, according to Bessey, may ripen twenty-eiglit million 
seeds aniuully. 

Provision is further necessary for the separation of the germs 
from the i)arcnt and their dispersal widely from it. In the immediate 
neighbourhood there may not be the conditions for germination, or 
there may be no room for the development of the progeny. 

Lastly, it is necessary for the germs to be provided with reserve 
food-materials from the parent-organism, in order that their develop- 
ment, until they are aide to nourish themselves, should be ensured. 

Frequently the reproductive bodies serve to carry the organism 
over cold or dry periods that are unfavourable to active life. They 
pass into a resting condition (p. 205), in which they are more 
resistant to injurious influences (desiccation, frost, heat, poisons). 
Such germs are usually thick- walled, and only germinate on the 
return of favourable conditions. 

C. Types of Reproductive Bodies. — The germs which can develop 
into plant - bodies composed of many cells may themselves be 
unicellular (spores) or multicellular (gemmae and seeds). Two types of 
reproduction are readily distinguished in plants of nearly all the 
classes of the vegetable kingdom. 

In the first type, cells or multicellular bodies are formed which can 
develop into a new independent individual on their separation 
from the parent, either at once or after a period of rest. This 
kind of reproduction is termed vegetative, asexual, or mono- 
genetic. 

In SEXUAL reproduction, the second of the two modes of 
reproduction, two kinds of reproductive cells, each of which carries 
the characters of the organism producing it, are formed, but 
neither is directly capable of further development, and both perish 
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in a very short time, unless opportunity is given for their fusion with 
each other. Not until the one cell has fused with the other cell 
(fe utilisation) does the product acquire the capacity of development 
and growth. This mode of reproduction is termed SEXUAL or Dl- 
GENETic reproduction. 

Most plants have both methods of reproduction. Sexual repro- 
duction is wanting only in the lowest groups (the Bacteria, Cyano- 
phyceae, and some Algae and Fungi). 

In certain exceptional cases a sexual cell may pi’occed to develop 
further without fertilisation. This is termed parthenogenesis 

This has been found in the vegetable 
kingdom in Ohara crinita^ one of the Algae, 
and in the development of the embryo from 
the unfertilised ovum in a number of 
families of higher plants (Compositae, 
Ranunculaceae, Rosiflorae, Thymeleaceae, 
Urticaceae), and in the Marsiliaceac. 

In all these plants the parthenogenesis is 
regular and habitual, the egg-cell developing 
without further stimulus. In other cases, which 
may be termed experimenUl parthenogenesis, the 
development follows experimental interference. 

The process of fertilisation of sexual cells may, 
in particular cases, be replaced by the fusion of the 
nuclei of adjoining vegetative cells (^^•^). This is 
the case in tlie prothallium of certain cultivated 
forms of Ferns {e.g. of J)ryoptens {Lastraea) and 
Athyrium). The product of this fusion effects the 
reproduction, the sexual organs of the ])ro thallium 
being reduced. 

A full comprehension of the phenomena 
■S; reproduction requires the study of the 

developmental history in the various groups 
of plants. This is treated of in the Special Part of this work. Only 
the facts and problems concerning the processes of reproduction, which 
are important for general morphology, will be dealt with hei-e. 

1. Multiplication by Multicellular Vegetative Bodies (Budding) 

This occurs in many Bryophyta, e.g. in Marchaniia^ where the 
gemmae are formed in special receptacles on the thallus (Figs. 463, 
464). It is also widely spread in the form of budding in Pteridophyta 
and Phanerogams. 

Specially-formed lateral shoots serving to reproduce the' plant are seen in the 
runners or stolons produced above or below ground by many plants. The bxjnnbks 
of the Strawberry are slender cylindrical branches from the axils of the leaves of 



Pio. Shoot of Dentaria hulhU 
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the rosette ; they root from the terminal bud, which becomes independent by the 
subsequent decay of the runner. Many bulbs and tubers serve for reproduction 
in the higher ])lants, as do also bui.bils (Fig. 216) and the winter-buds which 
become detached as the hibernacula of a number of aquatic jdants [e.g. 
I/ydrocharis, Stratiotes) . 

Buds may also arise in places where no growing points are normally present ; 
they are then adventitious (cf. p. 118). 

Many herbaceous perennials, without forming special organs of vegetative repro- 
duction, increase in number of individuals by the decay of the older portions 
of their branched rhizomes isolating the branches. Among Sea-weeds also the 
mechanical action of the surf may separate portions of the thallus which can grow 
into new tiialli. Oaulerpa is propagated in this fashion. 


2. The Formation of Reproductive Cells 
(a) Asexual Reproductive Cells (Spores). — These originate in 


two ways. 1. In many Fungi 
germ- cells are isolated by budding 
and constriction from certain 
hyphae as EXOSPORKS or CONIDIO- 
SPORKS (Fig. 217<:). 2. In other 

Fungi, in the majority of the Algae, 



Fio. 217.— Conidiophoi’c of Aspergillus 
herhariorwn, (x 640. After Kny.) 



Fio. 2lS.~Saprolegnia iniita, Sporanginm from 
which the biciliate /.oospores («55) are escap* 
ing. (After G. Kmas.) 


in Bryophyta, and in Pteridophyta, the asexual cells originate as endo- 
SPORES or SPORANGIAL SPORES in special receptacles (sporangia), and 
emerge through openings in the wall of these (Figs. 218 222 sp). 

These sporangia in the Thallophyta are single cells, the protoplast of 
which; usually divides to give rise to several or many endospores (Fig. 
222 s^). In the Bryophyta and Pteridophyta the asexual cells are 
always developed in special sporangia of more complicated structure 
than in the Thallophyta. These sporangia are multicellular structures, 
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one or more outer layers of cells forming the wall, and the enclosed 
cells constituting the sporogenous tissue (Fig. 21 h sfi). 

The asexual spores of the Thalluphyta, arc in part adapted to 
distribution by means of water, as in the ease of many sporangial 
spores of Algiie and Fungi. These spores ai’c nakcrl, without a cell- 
wall, and as a rule are able to move through the water by the aid of 
cilia (Figs. 218, 220 A), They arc termed SWARM-SPOIIKS or ZOO- 
SPORES. 

The spores of other Thallophyta and of the l^>ryophyta and 
-Pteridophyta are adapted to dispersal by wind. I'hey are very small 
and light, surrounded by thick walls and resistant to drying. 

(b) Sexual Reproduetive Cells. Gametes. 1. Different Forms 
of Sexual Cells and Sexual Orgrans. — A great variety in the methods 



Fkj. 210, — Diagram of tli(. 
Bponingiam of a I’terido- 
phylo, the sporogenous 
tissue (sg) being enclosed 
l)y a sterile wall. 


Fi(i.220.- Vlnthrir :.<mata. /I, Asexual 
Hwariii-Hporo ; JU, a ganieLo ; JiSf, 
Rd, conjugating gametes; ItU, zygote 
resulting from conjugation, (v 
After Htiiasbukoku.) 


of sexual reproduction is shown by plants ; different as the extremes 
are, however, they are connected by intermediate links. 

In the simplest types of sexual reproduction met with in the 
lower Algae and Fungi, the sexual cells or gamktics are usually 
naked protoplasts of similar size and structure ; these resemble the 
asexual swarm-spores but conjugate with one another (isogamy, Fig. 
220 B), They develop, singly or in numbers, from the protoplasts 
of certain cells termed (lAME'i'ANGiA, the process resembling the origin 
of the swarm-spores. The product resulting from the conjugation of 
the gametes is called ^ zygote or zygospore (Fig. 220 B 4). The 
facts are in favour of regarding the gametes as homologous with the 
swarm-spores, from which they often differ only in their smaller size, 
and the gametangia as homologous with sporangia. By this is meant 
that the gametes and gametangia have been derived phylogenetically 
by the modification of swarm-spores and sporangia. Such gametes 
are capable of active movement by means of cilia; they seek one 
another in the >vater and unite in pairs (Fig. 220 B), 

The gametes, however, frequently differ in size in the Algae and 
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Fungi, and this is the lule in the Bryophyta and Pteridophyta. The 
larger gametes, which contain abundant reserve-materials, are female 
( ? ) and the smaller are male ( S )• The female gamete may be non- 
motile when it is known as an egg-cell (oosphkkk). In this case the 
small SPERMATOZOID seeks out and fertilises the large EGG-CELL 
(oogamy). In the case of oogamy the gametangia are usually 
unlike. In the Thallophyta, the cells in which the small naked 
sperrnatozoids arise in large numbers are termed antheridia (Figs. 
221, 2 a ; 222 a), while those within which one or more egg-cells 
are formed are the OOGONlA (Figs. 221, 2; 222 e,, o,,). In the 
Bryophyta and Pteridophyta on the other hand the small antheridia 
(Fig. 223, 1) have a wall of sterile cells enclosing the spermatogenoiis 
tissue from whi(‘h the sperrnatozoids are developed ; similarly the egg- 



i 2 3 


Fin. 221 . — Mnnohlcpharift fiphae rica. End of lilaineiit wiUi torininal oogoniiiin (o) and an antlieridium 
(a). 1. Btjforo tho formation of the egg-cells ami .syiemiatozoiiis, 2. S]>erinatozoids (.n) escaping 
and approaching the ojaming of tho oogonium. 3. o.yi, ripe oospore, and an empty antheridium. 
(X 800. After CoRNir.) 

cell is enclosed in a small, multicellular organ called an archegonium 
(Fig. 223, 2). 

Numerous transitions in the Thallopliyta between tlie two conditions show 
clearly that oogamy has been derived phylogenetically from isoganiy by way of 
heterogamy. From this it follows that tho antheridia and oogoiiia of Thallophyta 
are homologous with one another, and also with the gametangia of the isogamous 
Algae and Fungi (cf. also Fig. 222). 

The egg-cell (oosphere) wdiich is usually naked, frequently remains 
in the female sexual organ, in the wall of which aii opening forms 
(Fig. 221, 2; 222 o„ o,,, d; 223, 2). Fertilisation of the receptive 
oosphere results from the ciliated sperrnatozoids which have been 
liberated into the surrounding water; being cbemotactically attracted 
(cf. p. 331) by substances excreted from the egg-cell. A single 
spermatozoid then fuses with the egg-cell. 
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The fertilised oosphere surrounds itself with a cell-wall and is now 
able cither immediately, or after a period of rest as an oospork (Fig. 
221, 3 osjj), to develop hirther. In the Bryophyta and Pteridophyta 
there arises by cell-division from the fertilised egg a mass of meri- 
stematic cells constituting the embryo, which grows on into the 
young plant. 

The sexual organs of the Spermatophyta liave come to differ from 
those of the simpler types in ways that arc not easy to characterise 
briefly. The male sexual cells are enclosed in the pollen-grains, and 
the female sexual cell or cells in the ovules of the flower. From this 
it follows that the fertilisation of the egg-cell in Spermato})hyta takes 
place in a special way by the growth of a pollen-tube, after pollination 
(cf. the special part). 

2. The Process of Cell-Fusion in Fertilisation and its Results. — 


The actual process of fertilisation in its simplest form can be best 
observed in those lower organisms with similar gametes (Fig. 220). 

In these it can be easily shown 
' j| cytoplasm of 

(is the two cells but sooner or later 

feg© I/. - V the nuclei also fuse. This fusion 

^ the essence of fertilisation; 

cases of heterogamy 
\ and oogamy, the sexual nuclei 

^ «p ’ ® ^ ’ Ir 0 ,, 11 come together in the zygote 

Fia. 222 . -Diagrams founded on Algae. $)>, Spor* and ultimately fuSC. When 
angjumwithspores;a,antlu,ridiumwiihHperm^ the male-cell possesscs chroma- 

a single egg-eeil ; 0, the ijore in the cell- wall. topliores, whlch in many Algae 

(Florideae, Ohara, etc.) is not 
the case, they do not fuse with those of the female-cell. They 
either coexist in the fertilised cell or, when a constant number of 


chromatophores is maintained, disappear. 

In the typical jirocess of nuclear division it has been seen that 
the nuclei of an individual possess a constant number of chromosomes 
characteristic of the species. The male gamete thus contributes as 
many chromosomes as the female gamete. These chromosomes do 
not fuse in the conjugation of the sexual nuclei, so that the nucleus 
of the zygote has double the number of chromosomes possessed by 
the sexual cells. It is diploid and contrasts with the haploid nuclei 


of the gametes. 

The nuclei resulting from the further division of the nucleus of 
the zygote are as a rule diploid; in each there are as many chromo- 
somes derived from the male- as from the female-nucleus. When 
the chromosomes of the haploid cells are characterised by diflerences 
in size and shape which are apparent at each nuclear division, the 
diploid nuclei show pairs of chromosomes of each size. These similar 
chromosomes, the one derived from the male- and the other from 
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the female-parent, as a rule, lie in pairs in the nuclear plate 
Fig. 14). 

Since the nuclei of the sexual cells of all the individuals of a 
race are always haploid, while the conjugation nucleus and as a rule 
the products of its division are diploid, there must bo a change from 
the diploid to the ha])loid condition at some point in the developmental 
history of the individual. Were this not so, the number of 
chromosomes would double with each generation. 

The change is effected at the reduction-division (^ 2 ^, 
which is a peculiar nuclear division in which there 
is a separation to form the daughter-nuclei of entire 
chromosomes, and not half-chromosomes resulting from 
longitudinal splitting. This occurs at a definite 
point in the development, which, however, differs in 
different organisms. Thus a regular alternation of 
the haploid and diploid ])hases of 
the nucleus is characteristic of the 
ontogenetic development of sexual 
organisms. 

The reduction-division in contrast to 
the typical division is termed hetero- 
typic, and is also spoken of as mkiosis. 

It is characteristic of this, that in the 
spireme stage of the prophase the nuclear 
contents become for a period contracted 
together at one side (synapsis, Fig. 224, 

2, 3). It is further characteristic of the 
succeeding stages that the paternal and 
maternal chromosomes become associated 
in pairs or gemini (pauasyndesis) or 
more completely united. The number 
of these gemini is half as great as tlie 
number of chromosomes in the tissue- 
cells of the same plant, since two chromo- 
somes are rej)resonted by each geminus. 

The paired chromosomes become sliorter 
and thicker and are distributed around 
the periphery of the nucleus ; this is the condition that has been termed 
DIAKINESIS (6, 6). At this stage kinoplasmic filaments are be(?omiiig applied to 
the nuclear membrane (6) ; the latter disappears, and the nuclear spindle, which 
is at first multipolar (7) but ultimately becomes bij)olar (8), originates from the 
kinoplasmic fibres. The paired chromosomes become attached to the fibres of the 
spindle and arranged in an equatorial nuclear plate (8). Shortly afterwards the 
separation of the chromosomes, until now united in pairs, takes place (9). In 

THIS PROCESS, IN WHICH THE ESSENTIAL OF THE REDUCTION-DIVISION IS EFFECTED, 
IT IS NOT LONGITUDINAL HALVES OF CHROMOSOMES BUT ENTIRE CHROMOSOMES 
WHICH SEPARATE FROM ONE ANOTHER. The lesult of this IS that cacli daughter- 
nucleus receives only half as many chromosomes as were found in the tissue-coils 
of the same plant, and that these chromosomes may bo male or female. Since 



P'm, 22.*L~1. Aiit]jeri«liiim, with wall of .sterile 
cells euclosln}5 the spernialogenons tissue. 
2. Archegoniiiin, with corresponding wall 
and an egg-cell, iiotli based on a Liverwort. 
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chromosomes of corresponding lengths arc always associated in the gemini, one 
being derived from the male and the other from the female parent, and these 
chromosomes separate from one another in the reduction -division, each haploid 
daughter- nucleus must inherit some chromosomes from the father, and others 
from the mother. Which chromosomes come from the one or other parent appears 
to be determined by chance. The formation of the daughter-nuclei is completed 



9 10 11 n 

Fio. 224.— Pollen-niother-con of a July in division, somewhat diagrammatic. Furtlior (lescTiption 
in text. (After Stbasbcbcjek.) 


(10) as in an ordinary division, but following promptly on the first reduction- 
division, which is also known as the HBTEROTYrE division, comes a second or 
HOMOTYPE division, which in all essentials follows the typical course (11,12). Thus 
two rapidly-succeeding nuclear divisions (tetkad-foiimation) are characteristic 
of most cases of reduction. In the hoinotypic division longitudinal halves of 
chromosori.es separate as in the typical division. A difference from the latter is 
that the chromosomes are not split longitudinally in the prophase of the homotypic 
division itself, but, as it seems, were already split in the prophase of the preceding 
reduction-division without the halves thus formed separating. 
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It appears possible that an cxclian;,^* of substance takes place between the 
chromosomes when they are associated in pairs ("”j. 

The fundamental dilference between tlie somatic nuclear division and the 
reduction-division may be made clearer by means of a diagram. Fig. 225 A 
represents a somatic division with longitudinal s]ditting of the chromosomes. 
In ^ a six longitudinally split chromosomes, distinguished by the different 
shading, are shown arranged to form the nuclear plate. The two middle ones are 
seen from the end, the others from the side. In A b tlie separated halves of these 
cliromosomes are shown on their way to the poles of the s}>indle in order to form 
the daughter-nuclei. In Fig. 22r> B the reduction-division is diagrarnmalically 
represented. The six chromosomes of Fig. 225 A arc shown in B a similarly 



Fm. 2‘i6.~I)iagrHmmatic represeiitatum of ordinary iiurlear <li vision (A) and of t.l»e reduction- 
division (/)*). (After Strashchokr.) 


shaded and united in three gemini. The- two lateral gcniini aie seen from the 
side, the middle one from the end. In Bb the chromosomes of each geminus have 
separated and are moving towards the j>oles of the spindle to form the two daughter- 
nuclei. This division results in a reduction of the chromosonic-number from six 
to tliree. In contrast to this reduction-division, which, because whole chromosomes 
separate, results in a definite difference of the i>roducts of division, maybe placed 
the somatic nuclear division. This, since the longitudinal lialving of the 
chromosomes gives rise to completely equivalent products of division, may be 
termed equation division. 

D. Alternation of Generations plants there is frequently 

an alternation of at least two generations differing in their modes of 
reproduction ; these may be morphologically distinct and independent 
individuals. The life-history of such a plant is thus composed of 
two kinds of individuals, which regularly alternate with one another, 
are frequently very different in form and structure, and bear different 
reproductive organs. The reproduction of the one generation (sporo- 
phyte) is asexual ; that of the other (gametophyte) is sexual. The 
Fern may be taken as a typical example. The leafy fern-plant is 
the sporophyte, and produces only asexual spores. The spore on 
being shed does not grow into a new fern-plant, but into a small 
thalloid structure known as the prothallium (Fig. 93), which is 
the gametophyte, and reproduces sexually. The fertilised egg-cell 
develops into a leafy fern-plant. The reproductive cells of the one 
generation give rise to the other genemtion, and there is thus a 
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regular alternation of the sporophyte and gainetophyte and therefore 
of asexual and sexual reproduction. 

Frequently tlie two generations are not repiesented by inde- 
pendent individuals, but the one remains permanently connected to 
the other like a parasite on its host plant. Careful investigation may 
then be required to establish the existence of an alternation of 
generations. This is the case for the Bryophyta and the Seed-plants. 

When there is an alternation of generations the alternation of 
phases of the nucleus (cf. p. 189) tends to be connected with it. Thus, 
for example, the leafy sporophyte of the Fern is diploid (diplophase), 
and the fern-prothallus on the other hand haploid (haplophase). 
Nevertheless the alternation of nuclear phases is essentially distinct 
from the alternation of generations. Numerous lower organisms repro- 
ducing sexually, have an alternation of nuclear phases, although an 
alternation of generations is wanting. 

There are certain remarkable cases in which the one generation develops from 
the vegetative ceils of the other without change in the number of chromosomes. 
In a variety of Athyrimn filix focmina the ferii-plant arises without nuclear fusion’ 
from vegetative prothallial cells with diploid nuclei ; without any production 
of spores, or the occurrence of a reduction-division, the diploid cells of the leaf- 
margin produce diploid prothallia (apospory). According to Yamanouchi (in 
Nephrodium molle) a haploid prothallial cell may, without nuclear-fusion, give rise 
to a haploid fern-plant. Further, it is possible to obtain experimentally, on the 
regeneration of cut portions of the stalks of moss-capsules, a diploid moss-plant, 
i.e. a diploid garaetophyte ; this produces diploid sexual cells that are capable of 
fertilisation. Tetraploid moss-capsules are tlie result, and from these again by 
regeneration tetraj)loid moss-plants have been obtained. It is evident, therefore, 
that there is not a direct connection between the chromosome number and the 
construction of the two generations 


SECTION IV 

THE THEORY OF DESCENT AND THE ORIGIN OF ADAPTATIONS 

A. The Theory of Descent Q^^-),—Row the organic forms living 
on the earth with their morphological peculiarities have arisen is one 
of the most important theoretical questions in morphology. The 
assumption once made that the kinds of plants were independently 
created (theory of special creation) has become gradually abandoned 
in favour of a theory of evolution, especially owing to the deepen- 
ing of morphological knowledge and the influence of the work of 
Darwin. This has already been referred to in the Introduction. 
The theory of evolution regards the existing organisms as developed 
from other and frequently more simply constructed forms which lived 
in earlier periods of the earth's history (cf. p. 1 flf.). This fundamental 
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biological theory now permeates morphological investigation so 
completely that it is indispensable for the morphologist to be 
acquainted with the evidence for it. Evidence is afforded by classifica- 
tion, morphology, the geographical distribution of plants and animals, 
and by palaeontology. 

1. Evidence from Classification. — According to the theory 
of special creation the various species of plants were created inde- 
pendently and are essentially constant. They were supposed to be 
so little subject to change that one species could not arise from 
another ; at most a species could give rise to more or less inheritable 
varieties. This view thus assumes that there are sharp limits between 
the species, and also that there is an essential difference between 
species and varieties. As the student of classification proceeds to 
examine any group of organic forms ho finds that there are no 
characters to be relied on to distinguish varieties from species. The 
amount of morphological difference between the species of a genus, 
the varieties of a species, or between species and varieties, is quite 
undetermined. It has also come to be recognised that species are 
not independent morphological units but in many cases are compre- 
hensive groups of forms or petites espkes (e.g. in the genera 
Erophiliif liuhus, Rosa, Hiemcmm, Quercus). The sharp differentiation 
of such species from other species, Le. other groups of forms, is 
frequently difficult or scarcely possible. The constant small species 
often differ less than do many so-called varieties. It thus becomes 
a matter of taste or systematic sense whether a particular form 
should be regarded as a species or a variety and how a s])ecies should 
be delimited. The rule formerly relied upon, that crosses between 
two independently created species would be sterile while those 
between two varieties of a species would be fertile, has proved 
untrustworthy ; fertile and sterile hybrids are known both between 
two varieties and two species. There are not only transitions 
between species but between genera and even families, so that in 
these cases also the limits have to be drawn at the discretion of the 
systematist. All these facts only become comprehensible if it is 
assumed that species were not independently created but are capable 
of heredity with variation, so that new species can be derived from 
others by inherited changes, while more marked changes give rise to 
new genera or families. On any other assumption it remains incon- 
ceivable why organisms can be placed in groups of lower and higher 
order (species, genera, families, classes, etc.), which are in part co- 
ordinate (like the species of a genus or the genera of a family) and 
in part subordinated to otliers (like the species to the genus or the 
genera to the family) ; further, that the groups of extinct organisms 
which lived in earlier geological periods can as a rule be naturally 
placed in the same classification as the existing forms. All these 
difficulties disappear when organisms are regarded as blood-relations, 
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and the natural system as expressing their nearer or more distant 
relationship, and thus, in a certain degree, as a genealogical tree of 
living beings. 

2. Mouphological Evidence. — Certain facts are inexplicable on 
the theory of special creation, wliile they are naturally explained on 
the theory of descent. The common mori)hological plan of construction 
exhibited by the members of a systematic group, such as a genus, a 
family, or a class, is of this nature. It extends in a sense to all 
organisms as shown in the cellular structure and the nature of proto- 
plasm. The great groups of the Bryophyta, Ptcridophyta, and (lymno- 
sperms, with all their morphological diflerences, are essentially similar 
in the course of development and alternation of generations, and in 
the construction of their sexual organs. On the other hand, the 
theory of evolution may explain the unexpected occurrence of certain 
features in a group when the plan of construction would not have 
led us to antici[)ate them {e.g, the spermatozoids in the pollen-tube 
of the Cycadeae). 

The numerous homologies and analogies between the organs of 
plants (p. 155) all point to such a phylogenetic transformation 
as is required by the theory of descent. The organs of one and the 
same organism are frequently homologous, i,e. moiphologically equiva- 
lent, in spite of their diverse structure and functions. For example, 
thorns and tendrils are “transformed’' leaves, stipules, stems, or roots ; 
the cotyledons, scale-leaves, bracts, sepals, petals, stamens, and carpels 
of a plant are all “ transformed ” foliage leaves. All these meta- 
morphoses of organs have evidently taken place during the phylo- 
genetic development. Organs of different species, that appear com- 
pletely different and perform different functions, may also prove on 
morphological investigation to be homologous. On the other hand 
they may, in spite of agreement in form and function, prove to be 
based on surprisingly distinct fundamental forms and thus be only 
analogous. 

In the same way reduced functionless organs found in some plants 
have been derived from plants in which the corresponding organs are 
still well formed. In the family of the Scrophulariaceae (Fig. 226) 
the number of stamens ranges from five in Verhascum to two in such 
forms as Calceolaria ; in the genus Scrophularia one stamen of the five 
is present in a reduced condition, while this stamen is wanting in 
Digitalis ; in Gratiola two fertile and two reduced stamens are present, 
in Veronica two fertile stamens only, and in Calceolaria only two half- 
stamens. Useless reduced organs are difficult to understand on the 
theory of special creation. 

Occasionally in a plant an unfamiliar character appears which can 
only be regarded as a reversion (atavism, cf. Fig. 550) to a long- 
lost feature of its ancestors; examples are afforded by the occa- 
sional fertility of reduced stamens or the appearance of reduced or 
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fertile stamens in positions where fertile stamens wore present in the 
ancestry. 

The similarity of the embryos of very different organisms, which is 
most strikingly shown in the animal kingdom, is a further indication of 
genetic relationship. So also is the fact that occasionally the embryos 
are more highly organised than the mature organism (in some reduced 
organisms, e,g, many parasites). The juvenile leaves on the seedlings 
of some plants which arc adapted to extreme conditions of life may 
resemble the ordinary leaves of less specialised species of the same 
genus {e.g, in Acacia, Fig. 136). Not infrequently a species repeats 
more or less completely in its ontogenetic development what we assume 
on other grounds to have been the 
course of its phylogenetic develop- 
ment (biogenetkj law). 

3. Evidence from Geograph- 
ical 1) ISTRIBUTION. — Geographical 
limits which hinder free migration 
(e.g. high mountains and seas in 
the case of land-plants and masses 
of land in the case of marine 
organisms) stand in striking corre- 
spondence with dilTerences in the 
fauna and flora of particular habitats, 
countries, continents, or oceans. 

The assemblages of organisms found 
in two continents differ as regards 
their families, genera, etc., in pro- 
portion to the degree of present and 
former isolation because the forms 
in each region have continued their 
phylogenetic development independ- 
ently. The easier the exchange 
of forms between two regions the 
more numerous will be those which 
are common to both. It is a general rule that the inhabitants 
of any region are most closely related to those of the nearest 
region from which migration may be assumed, on geological 
and geographical reasons, to have taken place. This holds, for 
example, for the Cape Verde Islands and the African mainland, and 
for the Galapagos Islands or Juan Fernandez and the neighbouring 
regions of America. The more a habitat, such as an island, is isolated 
from the rest of the world the richer will it tend to be in peculiar 
forms (endemism). These often differ only slightly from other non- 
endemic forms from which they have evidently originated in the 
present habitat, though further dispersal has been impossible (pro- 
gressive endemism). Others are remains of what were at one time 
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Fig, 22().— Floral diagrams of Scroiiliulari- 
aceae, A, Verhascuui, lutji’umi li^ Digitalis 
purpurea I C, Gratiofa qfficiuuUv; 7), 
Veronica Chamaedrgs. The sterile stamens 
.are represented by black dots, and the 
position of completely aborted stamens by 
crosses. (D after ErcnnER.) 
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more widely distributed forms and liavc no special relationship to 
others in the region ; such forms may be very ancient and indicate 
an extinct flora (relic endemism). 

4. Palaeontological Evidence. — Palaeontology shows that in 
the history of the earth species have ]>ecome extinct and others 
appeared ; that not infrequently the forms in successive geological 
strata can be arranged in series showing progressive organisation ; 
and that the groups which are regarded as most highly organised 
appeared relatively late in the history of the earth {e.g. the Angio- 
sperms in the Cretaceous period). It has also made us acejuainted 
with extinct intermediate types between genera, families, and classes. 
That such cases are not more frequent evidently depends on the 
incompleteness of the geological record. In Botany the most important 
of these synthetic groups is that of the Pteridospermeae or Cycadofilices, 
which are plants of the Carboniferous period connecting the Ferns 
and the Cycadeae ; they have leaves like the former but seeds like 
the latter, while anatomically they i)resent resemblances to both. 

5. Direct Evidence of the Vakiarility of Species. — All the 
preceding sources of evidence gain in significance from the direct 
observation of the inconstancy of some species. Careful observation 
establishes the appearance, both under natural conditions and, more 
frequently, in cultivation, of inheritable deviations which would have 
the systematic rank of varieties or species. It has also been possible 
in various ways to experimentally produce new forms the characters 
of which are inherited. The importance of such observations is that 
they give some insight into the problem of the formation of species 
and the origin of new morphological characters (cf. pp. 325 ff.). All 
observations have so far shown that the inheritable changes in 
organisms may concern this or that character, may be larger or smaller, 
and are irregular in origin. This serves to elucidate the great variety 
in organic forms. These abrupt changes may be harmful, indifferent, or 
useful to the organism. If they are so injurious that the life of the 
organism is scarcely possible, the variety will disappear as quickly as it 
originates (e.g, seedlings that have lost the power of forming chlorophyll). 
To what extent such inheritable changes arise under the influerice 
of external conditions has yet to be determined in particular cases. 

B. The Origin of Adaptations. — Since the acceptance of a theory 
of evolution it has been evident that the origin of the adaptive 
CHARACTERS of organisms called for special explanation. The 
recognition that living beings vary in all directions does not afford 
insight into the striking fact that organisms are in many ways adapted 
to their environment, and organs more or less adapted to their functions, 
while the reactions of the organisms are beneficial. This condition of 
adaptation or inherited adaptedness must in some way have originated 
phylogenetically. As to how it arose, observations and experiments 
have so far given no direct answer. Explanations have been sought 



DIY, I 


MORPHOLOGY 


197 


in a different way, the two most important hypotheses being known 
as Lamarckism and Darwinism. 

1. Lamarckism — This hypothesis starts from the fact that 

some organisms assume a different form according to the surroundings 
in which their germ cells develop to the mature organism, without 
losing the power of developing differently in another environment. 
Thus there are plants which can live both on land and in the water 
(amphibious), assuming different forms according to the environment. 
When grown on land they have the form and internal structure of 
typical land-plants ; when cultivated in water they resemble typical 
aquatic plants. Some plants under dry conditions of cultivation 
produce xeromorphic characters, while when grown in moist air they 
are hygromorphic. This power of reacting to different environments 
by the development of different characters is known as the capacity of 
modification. Such modifications (cf. p. 324) are not inheritable 
in the sense that the seeds of, for example, an amphibious plant which 
has developed in water to a water-plant will produce the aquatic form 
if they are sown on land. On the contrary, the land-form is always 
produced on land and the aquatic form in water whether the seeds have 
been taken from the one form or the other. 

These influences of the environment have been regarded as direct 
adaptations on the part of the plant which has the power of thus 
modifying itself. The power hjis further been attributed to the 
organism of responding by a useful reaction to every external influence, 
even to those not met with under natural conditions. Such a power 
of adaptation would apply to new functions as well as to external 
factors ; the need of an organ would bring about its formation. How 
this would be possible is, however, far from clear. Further, it is 
difficult to conceive that the organism should react usefully in 
anticipation of particular external factors. As a matter of fact we 
not uncommonly meet with reactions to new unaccustomed stimuli 
which appear quite indifferent or even harmful. Thus the tentacles 
of Drosera become curved at a high temperature just as if they were 
in contact with an insect. Leaves cut off from a plant may continue 
to live for years by producing roots even when they are unable to 
form shoots. When there appears to be direct adaptation to various 
stimuli (e,g, water, light, air, shade, etc.), to which particular 
organisms are exposed in their habitats, the result may be otherwise 
explained. It may be assumed that such organisms already possess 
the capacity or the factors which enable them to follow this or that 
course of development according to the external conditions. The 
external conditions would not produce the factors but only determine 
their becoming manifest or not. How these factors have historically 
come about, and why some organisms possess them and others not, 
why, for example, only some plants are adapted to live in water as 
aquatic plants or as land-plants on the land, remains still unexplained. 
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It is further assumed by Lamarckism that every modification, 
especially those resulting from external factors or the needs of the 
organism, is inheritable, or at least can become inheritable in the 
course of time. Thus when a plant has been for generations directly 
adapted to aquatic life, to life in the shade, or at the expense of 
another organism, the ac(|uired peculiarities of structure gradually 
become fixed, i.e, they also appear when the occasion for them is no 
longer present. Nothing is, however, known of the inheritability 
of those effects of external conditions that have been termed modi- 
fications above. 

2. Darwinism starts from the fact that organisms with 

almost any properties, useful, indifferent, or injurious, can arise by 
inheritable variation. Nearly every living being produces during 
its individual existence so many germs that wore all to grow the 
whole earth would in a short time ])e overpopulated. That so few 
descendants of an individual survive is due to many being destroyed 
at all stages from the germ-cell onwards. They arc overcome in 
the STRUGGLE FOR EXISTENCE with the environment, in which other 
organisms of the same or different species arc included. Were all 
the offspring alike, accident only would decide which should survive, 
and such accidents do play a great part. Since, however, inheritable 
differences occur among the offspring, those individuals will as a rule 
be favoured in the struggle for existence which by their peculiarities 
are capable of maintaining themselves, or are more capable than the 
others in the particular situation to which chance has brought them. 
Thus a process of selection (natural selection) comes about. If, 
further, the selected variants hand on their properties to their 
descendants, and the variation and the struggle for existence is 
repeated, the process must lead to the selection of still better 
adapted forms. Since, however, all with injurious qualities sooner 
or later disappear, those that remain are better adapted than those 
that perish. Usefulness (adaptedness) which was not explained by 
Lamarckism (where the useful capacity of reaction in relation to 
new conditions of the environment was assumed) comes about according 
to Darwinism from the preservation of new inheritable properties which 
contribute to the success of the organism in the struggle for existence. 
It is in this that the great advance made by Darwin’s theory, as 
compared with Lamarckism, consists. The assumptions of Darwinism 
still leave various difficulties to be overcome, especially when the 
gradual origin of highly differentiated organs writh many adaptive 
features has to be explained. 
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PHYSIOLOGY (') 

The object of Physiology is to describe the phenomena of life, to 
study their dependence on external factors, and, so far as possible, to 
trace them back to their causes. Physiology, like Chemistry and 
Physics, is concerned with inquiries into the causes of what takes 
place. It must, however, also take into consideration the significance 
to the organism of what happens. In its methods as well as in its 
problems Pliysiology agrees with Physics and Chemistry ; its methods 
are kxpeuimental. 

There is no fundamental distinction between the vital phenomena 
of animals and plants. This is not surprising, since plants and 
animals arc only morphologically distinct in their more advanced 
representatives. In the physiological sphere it becomes more and more 
clear, as investigation proceeds, how similar the course of life in the 
two kingdoms is. The physiology of organisms is thus really a single 
subject. A text-book of botany has evidently only to give an account 
of the physiology of plants, but, where this is useful, analogous pheno- 
mena in the animal kingdom will be mentioned. 

In some respects the behaviour of the living plant does not differ 
from that of non-living bodies. In spite of the large amount of water 
which it contains, the plant is as a rule solid, and has the physical 
properties of such a body. Weight, rigidity, elasticity, conductivity 
for lieat, and electricity are properties of the organism as they are 
of lifeless bodies. However important these properties may be to the 
existence and the life of the plant, they do not constitute life itself. 

The ESSENTIAL PHENOMENA OF LIFE are at first sight strikingly 
different from the processes met with in non-living bodies. So long 
as the organism is actively living, an unbroken chain of changes can 
be recognised in it which are exhibited in the three following ways : 

(i.) An organism does not consist of the same unchanged material, 
even when no furth'^r growth in size is taking place. While its 
external form remaini constant, progressive changes go on internally. 
New substances are tiken up from without, are transformed within 

201 



202 


BOTANY 


?AKT I 


the plant, and are again given off from it. The organism has a 
METABOLISM. 

(ii.) As a rule, however, metabolism does not proceed so that the 
absorption and giving-off of material are equal, but more is absorbed 
than is given off. The mass of the organism is increased, it GROWS. 
The organism by changes of its form assumes quite definite shapes, 
which follow in regular order. It passes through a DEVELOPMENT 
which leads sooner or later to the production of new organisms or 
daughter-individuals ; reproduction takes place. Growth, develop- 
ment, and reproduction are processes highly characteristic of living 
beings. 

(hi.) Lastly, organisms exhibit powers of MOVEMENT; they either 
change their positions bodily, or they bring larger or smaller parts of 
their bodies into other positions. Since inorganic bodies and dead 
organisms may exhibit movements, it is only the kind of movement 
and the means by which it is brought about that are characteristic 
of living beings. 

In nature the three processes mentioned above, metabolism, 
development, and movement, usually go on simultaneously. Meta- 
bolism without movement of the substances concerned is impossible ; 
development is bound up with metabolic changes and with movements ; 
and, lastly, movements cannot occur without metabolism and without 
change of form. Nevertheless, we may for descriptive ])urposes con- 
sider the three processes separately, and thus divide Physiology into 
the following sections : 

(1) The study of metabolism or chemical physiology, which may 

also be termed the physiology of nutrition. 

(2) The study of development or the physiology of form and 

changes of shape. 

(3) The study of movement and changes of position. 

Before passing to the consideration of these three groups of vital 
manifestations, it is necessary to become acquainted with some 
important general results of physiological investigation. 

1. The manifestations of life are connected with the protoplasm. 
The structure and organisation of this determine what happens in the 
organism and give it the characters of a living being. For the 
appearance of vital manifestations it is important that the protoplasm 
should be in the proper condition. As soon as it is dead these cease. 
But living protoplasm itself can occur in two distinct states and be 
either actively living or in a condition of latent life. Protoplasm 
in the latent condition is met with, for example, in resting seeds. In 
these even the most delicate methods of measurement may fail to 
demonstrate any indications of life, but the protoplasm is not dead 
and can at any time pass into the condition of active life. For this it 
is only necessary to change the external cond dons, for instance, to 
supply the seed with water. Whether the protoplasm is in the one 
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or the other state depends on the external conditions. Protoplasm can 
only carry on its activities by continual interaction with the environ- 
ment. It requires to obtain material for its nutrition from this, and 
also requires a supply of energy since the vital phenomena involve the 
performance of work in the sense of mechanics. 

In considering the external factors that are of importance for the life 
of a plant, a distinction must be drawn between the necessary and the 
inessential factors. Indispensable conditions of vital activity are a 
certain temperature and the presence of certain substances, as well as 
the absence of others that act injuriously or fatally (poisons). On the 
other hand, light is not in such a general sense a necessary condition 
for life. Some plants require direct sunlight, at least for their 
aerial organs, while others avoid this and seek the shade (shade- 



plants) ; others can pass through their whole life-history in complete 
darkness. 

Not merely the presence of the essential factors l)ut their degree 
is of importance, for only within certain limits do the external factors 
permit of active life. The growth of a plant is one of its most 
striking vital manifestations. Taking this as an example, we may 
inciuire how it is affected by various temperatures. A growing plant 
is placed for certain periods, say of two hours, under different 
temperatures and the growth which it makes in these periods recorded. 
To obtain a general survey the results are expressed graphically, the 
abscissic marking the different temperatures and the ordinates the 
amount of growth at each temperature (Fig. 227). The curve begins 
at a temperature that is usually in the neighbourhood of 0 ’ C. ; this is 
the MINIMUM. Below this temperature no growth is found to take 
place. On proceeding to successively higher temperatures the curve 
is found to rise but it does not do this indefinitely; at a certain 
temperature, the optimum, the greatest growth takes place. From 
this onwards the curve falls to the maximum beyond which again no 
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growth is found to take place. Such a curve is called an optimum 
CURVE and the three points, minimum, optimum, and maximum, its 
CARDINAL POINTS. Outside this range two other points can be 
established. When the growing plant is placed at temperatures below 
the minimum or above the maximum, no growth is to be recognised, 
but the plant is not at once killed. Only after some two hours at a 
temperature above the maximum does death take place. Too high a 
temperature thus leads to death from heat and correspondingly too 
low a temperature to death from cold. These two points can be 
marked as death-points on the curve. 

The three cardinal points and the two death-points for the tempera- 
ture curve are by no means constants. They differ for particular 
organisms and particular vital phenomena. Further, they change 
with the duration of the influence of the factor, and they depend on 
the condition of the plant and on the other external factors to which 
it is exposed. 

Thus plants behave very differently as regards the two death -points. While, 
for example, some tropical plants are killed even at temperatures above 0°C., 
other plants can endure very low temperatures. Cochlmria femstrata^ which 
occurs in Northern Siberia, endures a temperature of --46'’ C. without injury, 
and some forest trees can stand even - 60** C. The resistance of lower organisms 
to extreme cold is noteworthy. It has been shown that Diatoms can endure for a 
long time a temperature of - 200“’ C. What holds for death from cold applies also 
to death from heat. While most plants are killed by temperatures far below the 
boiling-point of water some Cyanophyceae can endure tlie very high temi)eraturo8 
(up to 93° C.) of certain hot springs. 

Air-dry seeds and spores can withstand temperatures of 100° C, and more, 
though in the water-soaked condition they are killed by a temperature of 
60°-55°C. The succulent parts of some plants are killed by immersion for 
10 minutes in water at 46 -46 , while in air they are killed only by 10 minutes at 
61° C. The doatli-points for temperature may be different for young and old 
plants (2). 

What has been said above as regards temperature applies also to 
all other external conditions. It holds for both necessary and in- 
essential factors and even for factors acting within the plant, which 
will be considered later. The optimum curve and what has been said 
about it applies to all these cases, so that it can be regarded as a 
fundamental curve in physiology. Too much or too little is injurious 
with respect to all factors, though only a few examples can be given 
here. 

By increase of the intensity of light any cell can be killed; in different cases 
the action of the light may be either mainly chemical or mainly thermal. Many 
Bacteria are killed even by bright daylight; on this depends the important 
hygienic effect of light in houses and dwelling-rooms. 

The need of light not only changes from one species of plant to another, or 
from individual to individual, but the optimum effect of Hght may change for the 
same individual as it develops. Many of the cultivated plants of the tropics, 
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Coffee and Cocoa, require shade when young, and need to be at first protected by 
shade-giving trees (species of Alhizzia,^ Mum) planted for this purpose. When older 
they bear, or oven require, exposure to the full tropical sun. 

The optimum curve holds also for food- matk rials and in a certain sense also 
for POISONS, With too little of the former a starved condition results, while too 
much has a poisonous effect. This influence thus resembles that of poisons ; very 
low concentrations of the latter have already exceeded the maximum. 

The influence of water is especially important. In the case of most jflants too 
little water soon results in wilting, which is followed by drying up. While the 
majority of plants are very sensitive to a deficiency of water others have a great 
power of enduring this. Tlius, Lichens and Mosses, which live on rocks, on the 
bark of trees, and in similar situations, some Algerian species of Isoetes and 
iSelaginella lepuiophyUa^ a native of the dry high plateau of Central America, can bo 
thoroughly air-dried without being killed. 

Death does not necessarily at once result when the maximum or minimum for 
external factors is overstepped. The organism frequently passes into the condition 
of, latent life, mentioned above. It is often difficult to decide from ins])ection 
whether an organism is in this state or is already dead ; only experiment can 
decide in any particular case. 

Frequently also the latent condition on exceeding the maximum or minimum 
does not apply to all the vital manifestations of the protoplasm ; at first, only some 
of these may be suspended, while others that have a different maximum continue. 

The striking regularity in the behaviour of protoplasm which is 
expressed in the optimum curve evidently depends on its great laiiility 
TO THE MOST VARIOUS EXTERNAL FACTORS. This is specially charac- 
teristic of protoplasm. External influences act on the protoplasm in 
such a way that, as has been seen, it may be so irreparably altered as 
to be no longer functional ; it is destroyed by a kind of coagulation and 
is dead. It must be assumed that the latent protoplasm has been 
modified in some way whereby the manifestations of active life are 
arrested. The changes in the latent condition, in contrast to the 
irreversible changes of death, are reparable or reversible. 

In this connection it must be noted that the entry into latent life is not always 
the result of overstepping the maximal or minimal limits for external factors. It 
is often determined by inner causes, as is seen, for example, in the development of 
spores, seeds, tubers, etc. 

The optimum curve is so distinctive for the living substance, and thus . 
for the whole organism, that it serves as the most important criterion 
to determine whether a process in an organism is vital or not. It is, in 
a certain sense, the graphic representation of the mathematical regularity 
according to which any particular factor acts causally upon a particu- 
lar vital process. It thus becomes an important question whether 
its particular form is peculiar to the organism and is not met with 
in the inorganic world. Investigation has shown that something 
of the same kind is met with in non-living nature, especially in 
colloidal substances, showing that in this respect there is no essential 
difference between living and non-living bodies. Thus the ascending 
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branch of the optimum curve, which was established above for different 
temperatures, is characteristic of almost all chemical reactions. Strictly 
speaking it is only the descending branch of the curve which is noto- 
w^orthy. This is, however, readily explained by the great lability of the 
protoplasm, in which arresting influences, that have been accumulating 
before the optimum, preponderate at the maximum and beyond this. 
There are in non-living nature also numerous processes which are 
slowed off* by a particular amount of a factor which affects them. 
While this characteristic method of reacting is not exclusively 
distinctive of living beings, no other substance is known which is so 
labile to all possible alterations in external factors as is protoplasm. 

2. The living substance works according to the laws of Physics and 
Chemistry and employs in all the manifestations of its life the materials 
and the energies of non-living nature. Neither a peculiar “vital- 
element,^* nor a special “vital force,*’ peculiar to the organism and 
underlying the process of life, has so inr been demonstrated. What 
happens, in so far as it concerns material, is only the transformation 
of non-living matter into the organic chemical compounds specially 
characteristic of the organism ; and, so far as energy is concerned, only 
the transformation of non-living potential and kinetic energy into the 
potential and kinetic energy peculiar to the living body. Whether, 
however, life is susceptible of a purely physico-chemical explanation as 
the mechanistic theory holds, or whether at least the way in which 
the changes in the living being proceed is not different from anything 
in non-living nature (vitalism) is a question that cannot at present be 
decided. Analytic methods of investigation have hitherto shown that 
the organism, at least in very many cases, employs the causal laws of 
Physics and Chemistry just as mechanistic theory would desire and 
expect. Whether, in spite of this, there will remain an inexplicable 
residuum cannot yet be said ; it seems at the moment doubtful 
whether it would be possible in the future to recognise such a residue, 
owing to the great complexity of the vital processes. 

III. When we look beyond the characteristic dependence of vital 
processes on the external world, as shown by the optimum curve, there 
remains much that is mysterious and completely unexplained in them. 
This is shown especially clearly by two remarkable characteristics of 
living beings, their irritability and their capacity for regula- 
tion. 

(a) Irritability. — In the reactions of the organism the con- 
nection between the causal influence and the effect induced by it 
is not so apparent as it is in chemical or physical processes. This 
depends on the part always taken by the protoplasm, so that the 
reaction observed is not the direct effect of an external cause, but a 
very indirect result. Further, according to the condition of the proto- 
plasm, the same factor may produce different effects. An example 
will make this clear. 
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If the free end of a flexible rod is placed horizontally, it will bend downwards 
to a definite point as the result of its weight. A part of a plant will behave 
similarly, and if dead, as for instance a withered stem, will remain in the position 
it thus assumes. If, however, a living growing stem has been used in the experi- 
ment it will exhibit an effect of gravity which is very surprising in comparison 
with the purely physical effect. The growing j)ortion of the stem curves, and by 
its own activity becomes erect again ; it thus moves against the force of gravity. 
If the experiment is made witli a tajj-root, this will curve vertically downwards 
much furtlier than its own weight would cause it to do. A rhizome {e.g. oi Scirpus), 
on the other hand, will place its growing tip horizontally w^hen it has sunk by 
its own w^eiglit out of the horizontal plane. In these three experiments the 
physical conditions are the same. The weight of the earth acts on a horizontally- 
placed portion of a plant. The results in the three cases are as different as 
possible. 

The explanation of this remarkable behaviour of the plant is to 
be sought in the fact that, while to begin with the external influence 
has the same effect as it would have on an inorganic structure — in the 
particular example the foi’ce of gravity gives rise to compression — 
this primary physical change then liberates inner activities of the plant 
so that the external factor appears to have acted as a liberating force. 
Such relations become clearer if the organism is compared with a 
mechanism. The connection between the light pressure of the Anger 
on the trigger of a gun and the flight of the bullet is not a simple 
one. The pressure first liberates a trigger ; the energy thus obtained 
drives the hammer on to the percussion-cap ; this explodes and causes 
the powder to explode ; the gases liberated by the explosion force the 
projectile from the barrel. It is clear that the force of the hammer 
bears no relation to that of the pressure of the finger of the marksman, 
and there is just as little connection between the amount of force 
generated by the expansion of the powder and that exerted by the 
hammer of the gun. There are energies present, those of the trigger 
and powder, which are set free. Such libekations of energy, especi- 
ally when they follow in order and constitute a chain of processes, are 
met with in all vital phenomena. They are, it is true, not so simple 
or comprehensible as in the case of mechanisms, since the whole process 
goes on in the protoplasm. Such liberations of the potential energy 
accumulated in the living substance and its transformation into kinetic 
energy are known as phenomena of irritability. The factor which 
starts them is termed a stimulus. 

Just as the action of a machine is only comprehensible when its 
construction is known, a knowledge of the external form and internal 
structure of the plant is a necessary preliminary to its physiological 
study. It has been seen, however, that it is not possible to under- 
stand the function from the structure to the same degree in tlie case 
of the plant as it is in that of a machine. In the organism we 
are concerned not with the mechanical interaction of parts but with a 
succession of chemical reactions. 
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(b) Capacity of Regulation. — The study of machines not only 
assists in the comprehension of a liberating stimulus but further 
renders clear the second widely-spread property of organisms, i,e. their 
regulative power. As in a machine the speed may Ijc automatically 
maintained at a particular level, so in numerous processes in a plant 
there is an element which controls the result both as regards quality 
and quantity. Though self-regulated processes are not wanting in 
the inorganic world, they do not occur abundantly as they do in 
the organism. On this account the tower of keculaiton may 

BE REGARDED, TOGETHER WITH THE lURITABILTlY, AS A SPECIALLY 
IMPORTANT CHARACTERISTIC OF LIVING BEINGS. 


SECTION 1 
METABOLISM f) 

1. The Chemical Composition of the Plant (‘) 

Any consideration of the metabolic changes in the plant requires 
a knowledge of its chemical composition. This is studied by chemical 
methods. 

Water and Dry Substance. — Some insight into the composition of 
the plant can be obtained without special means of investigation. 
Everyone who has dried plants for a herbarium knows that the plant 
consists of water and dry substance. By means of weighing it is 
easy to show how large is the proportion of water in the total weight 
of the plant. For this purpose it is not sufficient to expose the plant 
to the air, for when air-dried it still retains a considerable pro|)ortion 
of water, which must be removed by drying in a desiccator or at a 
temperature of slightly over 100° C. It can thus be ascertained that 
the proportion of water is very considerable ; in woody parts some 50 
per cent, in juicy herbs 70-80 per cent, in succulent plants and fruits 
85-95 per cent, and in aquatic plants, especially Algae, 95-98 per cent 
of the weight of the plant consists of water. 

Ash. — While we can thus distinguish by drying between the water 
and the dry substance of the plant, we are able by burning to dis- 
tinguish between the combustible or organic material and the incom- 
bustible substance or Asn. The fact that the plant leaves an ash is 
evident in the burning of wood or in the smoking of a cigar; the 
microscope further shows that even minute fragments of cell-wall or 
starch-grains leave an ash on burning. 

When the amount of ash contained in the various organs of diverse 
plants is determined, the percentage which this forms of the dry 
weight shows a wide range. This will be clear from the first column 
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of the following table. The separate organs of the same plant differ 
in this respect ; for example, the straw of Kye or of the Pea contains 
more ash than the seeds. Leaves tend to have a larger proportion of 
asli than stems. 

The constituents of the ash also vary according to the nature of 
the soil and other external influences. On the other hand, distinct 
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species may accumulate different quantities of mineral substances, even 
when exposed to the same external conditions. 

While the majority of the more common elements occurring in 
the earth are found in the ash of plants, only a few elements are 
pi'osent in sufficient amount to be quantitatively estimated. These 
are tlie non-metals Cl, S, P, Si, and the metals K, Na, Ca, Mg, 
and Fe. 

The above table gives some information as to the amount and 
distribution of these substances in a number of cultivated plants. 

The difference brought out by the table in the proportions of 
phosphoric acid and of silica and lime contained in Kye and Pea 
seeds, as compared with the amounts of the same substances in the 
straw, is worthy of notice. The Potato contains much KgO and little 
CaO, while the wood of Spruce shows the opposite condition. 

In the preceding table the figures do not express absolutely constant proportions, 
as the percentage of the constituents of the ash of plants varies according to tlie 
character of the soil. It is perhaps well to make clear that the oxides as given in 
the table are mostly formed in the process of incineration. In the living cell the 
metallic elements are present as salts, especially of organic acids. 

Organic Substance. — The organic substance consists in the first 
place of the elements H, 0, N, and C. On complete combustion it is 
transformed into volatile compounds — carbon dioxide, v- iter, ammonia, 
or free nitrogen. Some of the elements found in the ash were con- 
tained in organic compounds in the plant. Chemical analysis is not 
needed to show that the plant contains carbon in a combined form. 
Every burning log or match shows by its charring that it contains 
carbon. The examination of a piece of charcoal in which the finest 
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Structure of the wood is retained, shows further how uniformly tl)e 
carbon is distributed in the plant, and how lai-gely the substance of the 
plant consists of this element. Accurate weighing has shown that 
carbon constitutes about one-half of the dry weight of the plant. 
Some of the compounds of carbon found in plants are non-nitrogenous 
{e.g, carbohydrates, fats, organic acids), wdiile others contain nitrogen 
[e.g, albumen, alkaloids). The main facts regarding the organic 
compounds found in the plant have been given in the morphological 
])art when treating of the cell (pp. 14, 26 fl*). 

Source of the Materials. — There are thus only the folloAving 
thirteen elements found in considerable quantity in the plant : 

H, Cl, 0, S, N, P, C, Si and Na, K, Mg, Ca, Pc. 

When the plant is growing their amount is continually increasing 
in the plant, and they must therefore be continually absorbed from 
without, from the soil, water, air, or from other organisms. 

As a rule, only gases and liquids can enter the plant ; solid 
substances have to be brought into solution before they can i)ass 
through the firm cell-walls. When, however, cell-walls are absent, as 
in the Flagellates and Myxomycetes, the naked j)rotoj>lasm is able 
to surround and thus to absorb solid particles (animal nutrition). 

The chemical composition of animals is essentially similar to that of plants. 
The absorption of food in animals takes place by means of tlie digestive system. 
The contrast is, however, not so great as ajipears at tirst siglit, for as a rule the 
food materials are converted into a fluid condition before they are absorbed by the 
cells. 


11. The Nutrient Substances obtained from the Soil 

Chemical analysis ascertains all the elements present in the plant. 
It does not, however, show whether these substances are utilised by 
the plant nor whether the substances always present in the ash' are 
necessary for nutrition and are thus to be regarded as food-materials. 
Such questions can only be decided experimentally. The first 
problem is to determine which substances obtained from the soil by 
the plant are essential, i,e. necessary, constituents of its food. To 
decide this, careful cultural experiments with chemically controlled 
nutrient soil are requisite. 

This conclusion can be reached in two ways. The first method 
is to cultivate the plant in an artificial soil composed of insoluble 
substances such as platinum, pure carbon, pure quartz, with which the 
substances to be investigated can be mixed. The second method, 
that of WATER-CULTURE, is more convenient. Many plants are able 
to develop their root-system in water instead of in the earth. It is 
thus possible to add to the water the elements found in the ash in 
various combinations^ and so to ascertain which elements are necessary 




DIV. II 


PHYSIOLOGY 


211 


and which superfluous. As Fig. 228, /, shows, the plant (Buckwheat) 
succeeds well in such a food-solution if of suitable composition ; it 
can form roots, shoots, flowers, and fruits, and increase its dry weight 
a hundredfold or a thousandfold, just as if it were growing in the 
soil. In distille<l water, on the other 


hand, while the plant begins to grow 
normally, the growth soon ceases entirely, 
and only a very dwarfed plant is 
produced. 

Culture-solutions of various composition 
aro used (®). Knop’s solution contains — water 
1000, calcium nitrate 1, magnesium sulphate 
0*25, acid potassium phosphate 0*25, |)otassium 
nitrate 0*25, and a trace of ferric chloride. 
The solution of v. ii. Chone, with almost 
completely insoluble compounds of phosphoric 
acid and iron, appears in some cases to give 
better results (wMter 1000, potassium nitrate 
1, potassium sulphate 0*5, calcium sulphate 
0*5, potassi\im })hospliate 0*25, ferrous phos- 
phate 0*25). In addition to these a number 
of other combinations of salts liave been tested. 

From such water-cultures it results 
that the typical green land - plant 
succeeds satisfactorily if supplied with 
the elements K, Ca, Mg, Fe, and 
H, 0, S, P, N, if in addition 0 and C 
(the latter as carbon-dioxide) are avail- 
able in the atmosphere. There are thus 
in all ton elements which must be 
regarded as indispensable food-materials. 
Of these the seven which remain after 
excluding H, 0, and C concern us here, 
since the plant obtains them as nutrient 
salts from the soil or water. Six of 
these seven are found in the ash, 
while the nitrogen escapes on com- 
bustion in the form of volatile com- 
pounds. That these seven elements are 
completely indispensable is shown by 



Fio. 22S. — Water-cultures of Buckwheat 
(Fagopf^rum.asculeiUu'm). I, In nutrient 
solution containing potassium ; II, in 
nutrient solution without potassium, 
l^lants reduced to same scale. (After 
Nobbe.) 


the fact that if a single one is wanting its loss cannot be made good 


by an excess of the others, or by the presence of a related element. 


Thus, for example, potassium cannot, as a rule, be replaced by sodium, lithium, 
or. rubidium. Lower organisms (Algae, Bacteria, Fungi) are able to do without Ca. 
The absence of a single necessary element is shown either by the feeble and dwarfed 
development of the plant (Fig. 228 , //, absence of potassium) or by characteristic 



212 


BOTANY 


PABT I 


changes in the plant. The best known of these is the effect of absence of iron, 
in which case the plant docs not become green (chlorosis). Injurious effects of 
poisoning are shown when calcium is lacking. 

More accurate consideration shows that it is not correct to speak of 
these definite elements as the food-materials of the plant. Just as a 
mixture of the elements H and O is not a substitute for water, it is 
not sufficient to supply the plant with the elements contained in the 
nutrient salts either as elements or in any of their combinations. 
Thus metallic potassium or pure sulphur are of no use. The plant 
requires particular salts or, since these in part dissociate in water, 
particular ions. Necessary kations are K+, Ca++, Mg^ Fe++ (or 
Fe+ ■*■+), while SO^" H 2 P 04 “, and NOg" are necessary anions. While 
phosphorus and sulphur can only be utilised in these combinations, 
the nitrogen can also be obtained, although not always so usefully in 
the form of the kation NH^^. 

Numerous investigations in recent years have made clear the 
further important point that a certain degree of acidity of the food- 
solution or the soil is necessary for the normal development of a plant. 

The acidity depends on the proportional number of H- or OH- ions present in 
the liquid. If these are present in equal numbers the licpiid is neutral ; if the 
H ions preponderate the reaction is acid, and if the OH ions are in the majority it 
is alkaline. It is customary to record the acidity by means of the number of H ions 
present in unit volume, and, for certain reasons, to denote it by the negative 
logarithm of this number ; this is termed the ^>H value of the solution. For a 
neutral solution = 7 ; for acid solutions its value lies between 1 and 7, and 
for alkaline between 7 and 14 ^). 

If various plants are cultivated in soils or culture-solutions with 
different reactions it becomes evident that some plants succeed better 
when the solution has an acid reaction, while others do better in 
solutions that are neutral or weakly alkaline. This is shown by the 
following table, which is based on determinations by a special method 
of the fresh weight of plants all grown in the same normal food-solu* 
tion. This has been given different y?H values. 


Reaction of Food Solution. 

3*5 

4-5 

6*5 

6*5 

•7*6 

8-0 

Aira flexuosa . 

4 

4’6 

3*0 

1-7 

dead 

dead 

Seuecio sylvaticus . 

21-0 

26*0 

15-0 

5-0 

1-0 

dead 

Tussilago farfara , : 

dead 

7-0 

30*0 

300 

2-1 

1*0 

Hordeum distichum . 

3*0 

46-0 ; 

86 0 

88 0 

10-0 

4-0 

Elodea canadensis . | 

i 

dead 

dead 

2*6 

3-8 i 

4-4 

6*6 


A special case of this adaptedness to a particular reaction of tlie soil is afforded 
by calciphilous and calciphobons plants. The calciphobe plants require calcium for 
their normal nutrition just as do the calciphilous ones ; what the calciphobons 
plants cannot endure in habitats rich in lime is the alkaline reaction of the soil 
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Just as is the case for C, N, H, and 0, some other elements of 
nutrient salts enter into the chemical composition of important 
materials in the plant, e,g, S. and P in albuminous compounds and 
Mg in chlorophyll. It is possible that other metallic elements enter 
into necessary organic compounds. What is certain is that they also 
play a quite different, physico-chemical rdle. The salts maintain 

THE COLLOIDAL PROTOPLASM IN ITS NORMAL CONDITION AND ENTER 
IN A REGULATING FASHION INTO ALL PHYSIOLOGICAL PROCESSES. 

The method of water-culture has not only shown the necessity for 
certain salts, but also that many substances, especially sodium, chlorine, 
and silicon, which the plant usually absorbs and sometimes accumulates, 
are not essential. 

Even in iia.lopiiytes, in which it is present in greatest quantity, sodium is not 
indispensable. These plants live in soils rich in sodium chloride not because this 
substance is necessary to them but because they bear it better than other plants 
do. The concurrence of these in such localities is thus prevented. The character- 
istic succulent construction of halophytes (Fig. 188) is more or less completely lost 
in the absence of common Sfilt. Sodium appears, however, to be indispensable to 
the Diatoms and some Seaweeds (*). 

Silicon is not indispensable to Equisetum and Grasses which contain consider- 
able quantities of SiOg ; on the other hand, it is requisite to the Diatoms, the cell- 
walls of which are almost entirely composed of silicic acid, and owe their permanence 
to this. The cell-walls of Diatoms form considerable geological deposits of siliceous 
earth or kieselguhr. Alumin i um (®), while generally distribirted in small quantities, 
is only absorbed in considerable amount by a few plants {e.g. species of Lycopodium), 
According to Stoklasa it is indispensable to water-plants. Although scarcely a 
trace of iodine can be detected by an analysis of sea-water, it is found, never- 
theless, in large quantities in seaweeds, so much so that at one time they formed 
the principal source of our supplies of this substance. Whetlier it is essential to 
these plants is not known. 

The substances which, as culture experiments show, are not indispensable for 
the life of the plant may, however, be of use and of advantage in growth. For 
example. Buckwheat and other plants flourish better when supplied with a 
chloride, and the presence of silica is advantageous as contributing to the rigidity 
of the tissues. It has also been found that the presence of certain substances 
which are not of direct use may inhibit the poisonous action of other substances 
some of which are necessary. 

It is known that salts are necessary for animals as well as for plants, but the 
particulars are not clearly ascertained. Probably they require the same elements 
as plants do with the addition of Na and Cl. 

Nutrient Salts and Agriculture. — Since the plant thus continues 
to absorb nutrient salts from the soil, this must become poorer in the 
particular substances unless the loss is repaired in iome way. In 
nature this results from the fallen and dead parts of plants returning 
to the soil, and the salts contained in them becoming available for 
further life. In agricultural practice, however, a large proportion of 
the vegetation is removed in the crop, and the salts it contains are 
thus lost to the ground ; at the most a fraction may be returned to 
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the soil in the dung of grazing animals. The effect of manure in 
increasing growth, which has for ages been known to practical men, 
depends, at least in part, on the salts contained in it. Since, however, 
the amount of salts thus returned to the soil is insufficient to meet the 
loss, artificial manuring is required in agricultural practice (^^). The 
first place among manures must be given to those which contain 
nitrogen, potassium, and phosphoric acid. Nitrogenous substances 
which are TJsed, besides guano (which also contains phosphoric acid), 
are Chili saltpetre, ammonium sulphate, calcium cyanamide, and 
calcium nitrate ; the two last have recently been artificially prej)ared 
from atmospheric nitrogen. Potjissium is present in the Stassfurt 
waste salts, of which kainite is the most important since it also 
contains MgSO^. As an important source of phosphorus, the so-called 
Thomas slag may be mentioned ; this substance is formed in working 
ores containing phosphorus, and consists of triple phos[)hate of calcium. 
It can only be utilised by plants when in a state of very fine sub- 
division, as what is known as “ Thomas-meal.'^ Superphosphate is 
obtained by the treatment of calcium phosphate with sulphuric acid. 

The Soil and Plant Geography. — From what has been said it 
might be concluded that a soil capable of supporting one kind of ])lant 
must be able to support any other species. Plant geography (i^), 
however, shows that the composition of the soil exerts a great influence 
on the distribution of plants. This depends, on the one hand, on the 
fact that different plants make diflerent demands on the amount and 
solubility of the essential food-materials, and on the degree of acidity 
of the soil ; on the other hand upon the presence in the soil of sul> 
stances other than the indispensable salts. The influence of these non- 
essential substances is diflerent upon diflerent species of plants. For 
example, CaCo3 has a poisonous effect on some plants, and NaCl upon 
others, while other plants can endure large doses of these substances. 

The effect of the soil upon the distribution of ]>lauts does not depend merely 
upon its chemical nature. The physical properties of soils (sec p. 223) play an 
important role. Further, a plant may be absent from a locality, which, so far as 
the nature of the soil is concerned, would be suitalde, because its seeds have never 
been brought to the spot. 


III. The Absorption and the Movement of the Nutrient 
Salts in the Green Plant 

All the chemical changes which take place in the metabolism of 
the plant are carried out in watery solutions. For this reason 
WATER IS AN INDISPENSABLE CONSTITUENT of the plant. All actively 
living portions of the plant are permeated with water. The cell- 
walls contain imbibed water, in the cell-lumen ate the large vacuoles 
filled vnth. watery sap and the protoplasm, the basis of life, always 
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contains 75 per cent or upwards of water. The plant can only carry 
on its life fully when in this condition of saturation with water. 
Any considerable diminution in the amount of water either destroys 
the life permanently, or at least so greatly diminishes the manifesta- 
tions of life that they can no longer be observed. 

It is evident that when a ])lant grows it must absorb water. But 
the amount of water utilised in growth is slight compared with the 
amount given off to the atmosphere from the aerial parts of the plant, 
especially the leaves. The loss of water in trail si>iration must be 
made good by absorption from the soil by the roots and conduction of 
the water to the leaves. The importance of this stream of water 
continually passing through the plant lies in the fact that the necessary 
nutrient salts are dissolved in it and arc thus carried to all the places 
where they are needed. 

The problem may be divided into three parts (^2) : (1) the 
absorption of the water and the nutrient salts dissolved in it ; (2) the 
giving off of water in transpiration ; (3) the conduction of the water. 

1 . The Absorption of Water and Nutrient Salts 

(a) The Absorption of Water. — If, for the sake of simplicity, the 
absorption of pure >vater by the plant is first considered, an accurate 
analysis of the process shows that two physico-chemical phenomena 
are involved, viz,, osmosis and imbibition. 

Without a knowledge of the laws governing these phenomena the 
M^hole problem would be incomprehensible and they will therefore be 
first considered. 

Osmosis (^^). — If two solutions of unequal concentration, or a 
solution of some substance and the solvent, are separated by a partition 
which is permeable to both, a process of diffusion will commence. 
Such diffusion taking place through a partition or membrane is termed 
OSMOSIS. If a U-tube divided by such a permeable membrane (Fig. 
229, 1) is filled on the one side with pure water and on the other with 
a solution of copper sulphate, the molecules of CuSo^ will pass through 
the membrane and mix with the pure water ; molecules of water will 
also pass through the membrane into the solution of CuSo^. 
Ultimately equilibrium will be established between the two arms of 
the tube when equal quantities of w^ater and of CuSo^ are present on 
the two sides of the partition. If the partition is more easily 
penetrated V)y one of the two substances, tliis will pass more rapidly 
than the other, but in this case also ah equal concentration of the 
solution on the two sides will in time result. The case is different, 
however, when the partition is semi-permeable, i,e» if it is only perme- 
able for the molecules of water, while the molecules of CuSo^ are un- 
able to pass through it. The result will be a greater accumulation of 
water on the side of the partition where the CuSo^ is (Fig. 229, 2). 
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The determining factor for the movement of the substance is thus 
the nature of the membrane. 

Such scmi-permcable membranes play an important part in the 
absorption of water by the plant. In studying the phenomena and 
laws of osmosis consideration of the natural vegetable-cell may be 
deferred, and an artificial cell with a scmi-pcrmeable membrane and 
containing an osmotically active substance be considered in the first 
instance. Scmi-permeablo membranes are obtained if a solution of 
copper sulphate comes in contact with a solution of potassium 
ferrocyanide, or a solution of gelatine with one of tannic acid. In 
order to give the membrane the requisite support it is deposited on 
a porous wall of baked clay. The clay-cells employed in galvanic 
elements coated on the inside wdth copper ferrocyanide are satisfactory 
for the purpose. The cell is filled with a solution of cane-sugar or of 

common salt and fitted with 
a mercurial manometer as 
shown in Fig. 230. 

If such an osmometer, as 
this artificial cell is called, is 
immersed in a solution of the 
same concentration (i.e., which 
has the same number of mole- 
cules to the litre, the same 
molecular number) nothing 
will happen. The system is 
in equilibrium. 

It is otherwise if the cell is placed in water or in a solution of 
less concentration. What then occurs is illustrated by Fig. 250, 2, 3, 4, 
which show the beginning, the end, and an intermediate stage in the 
process. The concentration of the water within the cell is evidently 
less than that in the surrounding liquid, since in the concentrated 
solution of copper sulphate a large proportion of the molecules 
of water is replaced by molecules of CuSo^. As a result the 
water, in correspondence with its higher concentration, will endea- 
vour to pass into the osmometer. This may also be expressed by 
saying that the cell has a capacity of attraction for water, it exerts 
a SUCTION-FORCE. This is large to begin with but will become smaller 
and smaller ; since, as the water enters, the concentration of water- 
molecules in the cell becomes greater, and that of the CuSo^-molecules 
less, ie. the solution becomes more dilute. But there is another 
reason for the suction-force diminishing. The entering w^ater increases 
the volume of liquid in the osmometer and raises the level of the 
mercury in the manometer. This exerts a hydrostatic pressure on the 
inner wall of the cell which is naturally opposed to the suction-force. 
This pressure may be termed “wall-pressure ” or “ osmotic pressure,” 
and its amount can be determined by the rise of mercury in the 
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Fio. 229.--1. Permeable meinbrane. ‘i.Seini- 
permea t)le membrane. 
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manometer. At the beginning of the experiment this pressure on the 
wall is evidently zero, it rises with the entrance of the water till at 
the final stage it has attained its maximum. At this stage the 
pressure is so great that no further entrance of water is possible. 
The osmotic pressure ihus always acts against the suction- 
force. The greater the former becomes the less is the latter. It 
follows from what has been said above, that for every solution of a 
definite concentration the suction-force for water can be determined if, 
on placing the osmometer in water, the manometer is filled with the 
amount of mercury required to just prevent any water from entering 
the coll. Investigation shows that the suction-force is then equal to 
the osmotic pressure which the enclosed solution can develop. Every 
solution of a definite concentration has thus a value for the maximum 
suction-force it can exert. This value is called the suction-force value 
of the cell-contents” or more shortly the “osmotic value” of the fluid. 

It is necessary to distinguish between the maximum osmotic value (suction- 
force value) of the coil-contents and the actual osmotic value of the cell. The 




Vol. ==100 V.jI. -100 Vol. -120 Vol. -110 | 

Cone. :-0-5Mol. Cone. r«>nc. =042 Mol. Cone. =0 4.!i Mol, 

Osmot. Pr. =0'0 Atm. Onmot. Pr. =0*0 Atm. Osniot. Pr. =11-7 Atm. Osmot. Pr. =i)-9Alm. 
8actl<m-forco~0 0 Atm. Suction force = l l-3 Atm. Suction-force=0-0 Atm. Suction- force = 6*8 Atm. 

Fio. 230.— Osmotic conditions in an experiment with the osmometer. (After Ubspruno.) 


former is, according to our deductions, the maximal suction-force that the particular 
cell-contents is capable of. Tlio actual suction-force of a cell may be much less 
than this. In order to obtain it the wall-pressure must be subtracted from the 
osmotic value (suction-force value) of the cell-contents, according to the equation. 
Suction-force of cell = suction- force of cell-contents - wall- pressure.* 

Since the concentration of a cell when it is submerged in water always becomes 
less owing to the absorption of water, the suction -force value of the cell-contents 
will always fall (Fig. 230, 2-4). From what has been said is further evident 
that the volume of the coil-contents must alter ; it is least at the beginning of the 
experiment when the cell is placed in water and becomes greater the more of this 

[Notk. The significance attached to these terms is different in English works on 
physiology. In them “ osmotic pressure " is usually equiviUent to what is here termed 
“suction-force of cell -contents ’* and is thus distinct from the “wall -pressure.” Of. 
Sulks, PermeahUU^y^ pp. 98, 99.] 
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is absorbed. In order to make the study of these complicated relations clear, 
a delinite example (0*5 mol.) was taken in the experiment shown in Fig. 230 ; 
from this the variations of the values under consideration here can be ascertained. 
The connections which subsist between them are graphically represented in 
Fig. 231. 

In the experiment so far considered we have started with a definite concentration 
(0*5 mol. ). Wlicn the osmometer is filled with solutions of different concentrations 
it is found that, within certain limits, the maximal possible osmotic pressure is 
proportional to the concentration of the solution. Tlius IVei’KKR found the 
following maximal values for various percentage solutions of sugar in the osmometer. 


Sugar (percentagt) by weight). Pressure (in cms.) 


Wax. osmotic pressure 
(ill atmospheres). 


1 

2 

4 

6 


63-8 

101*6 

208*2 

307-6 


0*71 

1*34 

2-74 

4.04 


If other organic substances, that do not undergo dissociation, are compared witli 
cane-sugar it is found that generally the osmotic effect is proportional to the number 
of molecules in the solution : EQUiAfOLEOUhAR solutions are isotonic (isosmotic). 

On this account it is more 
convenient to use molecular 
normal solutions instead of 
percentage solutions. In solu- 
tions of comjiounds that under- 
go di.ssociation, e,g. salts, the 
separate ions act osmotically 
along with the undissociated 
molecules. A solution of 0*1 
rnol. KNOy has therefore a 
much greater osmotic action 
than 0-1 mol. cane-sugar. The 
number which expresses by 
how much the osmotic value 
of a solution is greater than an 
equimolecular solution of sugar 
Fig. 281.— Graphic represeiibition of the o.smotic conditions is termed the ISOTONIC COEFEI- 
in the experiment shown in Fig. 280. Suction-force CIKNT of the solution, 
value of the cell. 

The experiments made 

with the clay-cell can be applied to the vegetable- cell. In 
the plant-cell represented in Fig. 233 the cell-wall corresponds 
to the clay-cell itself, and the protoplasmic layer to the 
precipitation membrane of copper ferrocyanide. The protoplasm, so 
long as it is alive, is almost semi-permeable (^^), while the cell-wall 
(like the clay-cell) is permeable. The cell-sap enclosed within the 
protoplasmic utricle corresponds to the solution filling the artificial 
cell. When a plant-cell is placed in water, it, like the clay-cell, will 
take up water ; its volume increases ; an osmotic pressure (wall-pressure) 
arises which presses the protoplasmic layer against the cell-wall an(i 
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distends the latter. As in the artificial cell the increasing pressure of 
the column of mercury renders the absorption of water more and more 
difficult, so in the living cell a corresponding counter-pressure is 
produced by the distension of the elastic cell- wall ; ultimately, when 
this has become equal to the osmotic force of the cell-contents, 
any further entrance of water is rendered impossible. The cell is now 
saturated with water. 

The distension of the cell-wall is often considerable and depends 
on the amount of the internal pressure and the 
elastic properties of the cell- wall. In many cases 
the cell- wall is stretched by the pressure some 
10 to 20 per cent, in extreme cases even 50 per 
cent, and it contracts when the pressure ceases. 

When the cell is pricked or the protoplasm killed, 
the piessure is removed and the wall contracts 
(Fig. 232). By the distension the cell-wall 
l)ecomes more rigid, just as a thin india-rubber 
balloon when air is forced into it resists changes 
of shape. A cell the wall of which is stretched 
by the internal pressure is termed tuugescknt ; 
the internal pressure is spoken of as TUnooR 

The increase of rigidity of the plant, by 
reason of the turgor -pressure or turgescence, 
is very importcant ; it is the simplest, and in 
many cases the only way, in which the cell 
becomes rigid. This is dependent naturally upon 
the presence of a sufficient supply of water ; if a 
distended cell is taken from the water and 
allowed to give up water in the air, the stretching 
of the wall disappears, and with this the rigidity ; 
the cell wilts. With a fresh supply of water the 
turgescont condition can be restored. 

Since a manometer cannot be fixed to the 
vegetable cell, the direct measurement of its 
osmotic pressure is impossible. This can, how- 
ever, be done indirectly by the study of the 
phenomena of plasmolysis. If a turgescent cell 
is placed in a solution of cane-sugar which has 
a higher osmotic value than the cell-sap (and 
hypertonic) the first change is a shortening of the cell, which goes on 
until the stretching of the wall has been completely lost. After this 
follows a withdrawal of the protoplasmic layer from the cell-wall, since 
the latter can itself contract no further ; the protoplasmic layer continues 
to follow the vacuole as it diminishes in volume. The separation of the 
protoplasm from the cell-wall (plasmolysis) commences at the angles and 
leads ultimately to a rounding-oflf of the completely separated utricle, 



Fkj. 23‘2.~l«ternodal cell of 
Nitdla. F, Fresh aud tur- 
Kescent; p, with turgor 
reduced, flaccid, shorter 
and nai rower, the proto- 
plasm separated from the 
cell - walls in folds ; ss, 
lateral segments. ( x circa 
C. After Nolu) 

is therefore termed 
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(Fig. 233). It is immaterial what substance is used to bring about 
plasmolysis so long as it does not injure the protoplasm, and that the 
latter is impermeable to it. In many ways cane-sugar is the most 
suitable ; potassium nitrate, which was formerly extensively employed 
in such experiments, belongs to a class of substances to which the 
protoplasm is more or less permeable. 

When by systematic trials the concentration of the plasmolysing 
solution has been ascertained which just effects the first separation of 
the protoplasm at the angles of the cell, it is possible to say that this 
plasmolytic limiting concentration has the same osmotic value as the 
cell-sap of the cell which has just lost its turgescence. If, for example, 
it has been found that the limiting concentration is 0*2 mol. cane-sugar, 
the cell-sap is isosmotic (isotonic) with 0*2 mol. cane-sugar ; the sugar- 
value of the cell-sap amounts to 0*2 mol. Since the osmotic value of 






Pig. 2S3.— a young cell from the cortical parenchyma of the How er-stalk of Cepfuilaria leucantha 
(Coia]K)sitae). 7 / 1 , Cell-wall ; pi, pi*otoi>laRm ; v, vacuole. I, In watfjr ; i/, in 4 per cent potaaaium 
nitrate solution ; Jll, in 6 per cent solution ; IV, in 10 per cent solution. (After De Vries.) 

various concentrations of cane-sugar has been determined by the 
osmometer and by other physical methods (^®^) it is known how great 
the osmotic pressure of the plant-cell is when it is placed in water. 
If the cell-wall is much thickened, and therefore almost inextensible, 
the cell-sap cannot be diluted by entering water ; such a cell, when 
saturated with water, can attain the maximal value physically possible. 
When the wall is extensible, a dilution of the sap always occurs with 
the increase of volume, just as in the case of the artificial cell. If we 
assume that a plasmolysed cell can increase its volume at saturation 
twofold, the concentration of the sap, and therefore its maximal osmotic 
pressure, will fall to one-half of what would have been the value had 
no increase of volume been possible. Only by carefully taking account 
of the alterations in volume of the cell during plasmolysis, can conclu- 
sions be safely drawn as to the actual osmotic pressure in a cell from 
its sugar value. In most cases the osmotic value is determined with 
KNO 3 instead of sugar. For ordinary cells the potassium nitrate 
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value is 0*15 to 0*30 mol.; it can, however, rise to 3 or more mol. 
Further, it tends to differ in adjacent cells by 0-l-0*2 mol., and to 
show periodic alterations owing to external conditions 

The separation of tlie protoplast from the cell* wall does not take place so 
smoothly as shown in Fig. 233. The protoplasm tends to remain connected to the 
wall by fine strands which rui)ture later. 

On transference to pure water the turgescent condition will be regained, if 
the protoplasm has not been injured by the solution. If the protoplasm is killed, 
however, it has become completely permeable, and the necessary condition for a 
one-sided pressure has disappeared. Fresh living slices of the Beetroot when 
placed in pure water do not allow the colouring matter to escajie from the un- 
injured cells. If the protoplasm is killed, the pigment passes into the surrounding 
water. 

The potassium nitrate value is specifically different for dilferent cells. High 
osmotic pressures are found, e,g . , in nodes of grasses (0*5-1 *0 mol. ), and certain desert- 
plants (3*0 mol.). The highest pressures are met with in plants which, like those of 
the sea and seashore, live in solutions of common salt, or, like some fungi, succeed in 
concentrated sugar solutions. In these cases the osmotic pressure of the cell 
always exceeds that of the surrounding solution ; it is adapted and capable of 
regulation in relation to the medium, and is therefore not always the same (‘■^). 
It is ea.sy to understand why cells with such high osmotic pressures burst when 
transferred to less concentrated solutions or to pure water. 

There are wide differences also in the potassium nitrate value between the 
different organs of a plant. Thus it was found by Blum for Fagus that the 
epidermis of the lower side of the leaf had a potassium nitrate value of 0-365 ; the 
spongy parenchyma of 0*571 ; the palisade parenchyma of 1-017 ; the tissue of 
the outer cortex of the stem of 0*671 ; the cambium of 0-634 ; and the medullary -ray 
cells of the wood of 0*938 mol. 

Imbibition (^®). — There is another method by which many vege- 
table cells take up water. When, for instance, a dry seed is placed in 
water, its total volume and weight increase as a result of the swelling 
of its cell-walls and cell-contents. This increase in volume which such 
a body undergoes, owing to the introduction of water into it, is termed 
IMBIBITION. The water penetrates into the smallest portions of the 
material, e.g, the cell-wall. If after imbibition this is again allowed to 
dry, no air-filled cavities are found where the water was ; the material 
has contracted. There are differences in the behaviour of different 
bodies capable of imbibition. Some, in which the swelling is limited, 
for example a piece of glue in cold water, can only take up a definite, 
limited amount of water ; others in which the swelling is unlimited, for 
instance gum arabic, continue to absorb water till they pass into colloidal 
solution. The cell- wall belongs to the former class ; it soon reaches its 
maximum swelling due to imbibition when it is placed in water. In 
this process the absorption of water is at first very active, it slows 
down more and more as the penetration of the water continues. The 
amount of water taken up differs for different materials. Thus the 
walls of lignified cells absorb f of their weight, while the walls of 
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some Algae and of some seed-coats and pericarps absorb several times 
their weight of water. In contrast to the cell-walls the protoplasm 
may be placed in the second class of substances. The air-dry proto- 
plasm of many seeds and spores imbibes water and swells, just as does 
the cell-wall. Like gum arabic, how’^ever, it loses the characters of a 
solid body and passes into a colloidal solution. This is the condition 
of the protoplasm, as a rule, in the actively living cell, though certain 
portions may have a firmer consistence. Colloidal solutions have, 
indeed, always the tendency to pass from the fluid (sol) condition to 
the gel condition. 

Tlie laws underlying the process of imbibition are in many ways similar to those 
W’hich have been recognised above for osmosis. Thus we can speak of an imbibition- 
pressure and of the suction-force of a swollen body. By imbibition-pressure is 
understood the mechanical pressure that Avould have to be apjjlied to a swelling 
body to just prevent further imbibition and increase of volume. In the early 
stages of swelling this pressure is at its greatest, but diminishes considerably as 
imbibition proceeds. In correspondence with this, the suction-force of a body at 
the beginning of the swelling process is extraordinarily high ; much higher than 

the osmotic pressure exerted by a concen- 
trated solution. It dindnishes, with the 
absorption of water and associated increase 
of volume, to values similar to those 
met with in osmosis. In tlie living cell 
such bodies as the protoplasm and cell- 
wall are found in such a state that the 
Fio. 234. — Tip of a root-hair with adhering forces due to imbibition are in ecpiilibriuin 

particlos of .soil, (x circa 24(». After Noll.) with those produced by the osmotically 

active substances. The pressure exerted 
on the cell-Avall by the two suction-forces acting together is the turgor-pressure. 
A change in one of the two suction-forces always leads to a corresjx) tiding change 
in the other (*‘*). 

The Absorption of Water by Multicellular Plants. — In many 
lower plants all the living cells take part in the absorption of water. 
In more complex plants only the superficial cells are in contact with 
the supply of water in the environment, and absorption of water is 
limited to them. In higher plants the absorption of water is limited 
to the epidermal cells of the roots. The sub aerial parts of the plant, 
covered with a more or less strongly-developed cuticle, cannot, under 
natural conditions, absorb sufficient water for the needs of the plant. 
The root, on the other hand, is highly specialised for this purpose, 
both as regards its external form and the structure of its limiting 
layer. Since the water in ordinary soils is finely subdivided and held 
firmly by the particles of the soil, a large surface must be exposed 
by the absorbing root. This is attained by the extensive branching 
of the root-system and by the presence of root-hairs which become 
attached to the finest particles of the soil (Fig. 234). 

The plant is connected to the soil by the numerous lateral roots 
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and their root-hairs, and can thus obtain tlie water held by capillarity 
in the soil, as soon as by loss of water a power of suction has arisen 
in the root-hairs. A plant can extract water even from a soil which 
appears dry. As absorption from such a soil continues the plant 
begins to wilt, but even in this state absorption is still taking place, 
though it does not go so far as to obtain the last traces of water from 
the soil. The osmotic forces are greater than the forces of capillarity 
and adhesion by which the particles of soil hold water. The process 
continues further in desert-plants according to Fitting, since their cell- 
sap is highly concentrated and can develop a very strong osmotic 
suction 


Briggs and Shantz have determined the water-content of the soil at the 
moment of wilting. This tliey term the coefficient of wilting and express it 
as a percentage of the dry weight of the soil. They lind tliat it has nearly the 
same value in different plants, but differs widely in diflerent soils. Thus the 
coefficient of wilting in coarse sand is 0*9, in fine sand 2'6 to 3*6, in sandy loam 9 9, 
and in clayey loam up to 16*5. 

The Influence of the Nature of the Soil on the Water Absorption of the Plant 

In most cases the soil obtains its water from atmospheric precipitation. Part 
of the rain-water percolates into the subsoil and the rest is retained by the soil. 
In the latter case tlio water is absorbed by the particles of soil and also held by 
capillarity in the cavities between the particles ; since however, some of the 
particles are capable of swelling, it is partly held as water of imbibition. The 
amount of water that can be retained by a soil shows wide differences that depend 
mainly on the size of the particles of the particular soil. According to the sizes of 
the particles the following types of soils are distinguished : 


Coarse Gravel-Rock 
Fine Gravel 
Coarse Sand 

Fine Sand .... 
Coarse Clay 

Fine Clay or Colloidal Clay . 


►Size of Particles. 

>20 mm. 

20-2 mm. 
2-0*2 mm. 
0*2-0*02 mm. 
0*02-0*002 mm. 
0*002 mm. 


The water-capacity, i,e, the maximum amount of water retained, of a clay soil 
is large, little water percolating through it ; on the other hand it is small for a 
sandy soil through which water percolates readily. When tlje drainage of the 
percolating water is mechanically prevented, the water will gradually fill all the 
cavities in the soil and displace the air. The result is » swampy soil which, on 
account of its deficiency in oxygen, is very unfavourable for the development, of 
most plants. 

Besides the water precipitated as rain, the water in the subsoil plays a part in 
the water-content of a soil, especially in rainless periods, since it can he drawn up 
by cajullarity. Soils with small cavities are naturally inor" effective in this 
respect than those in which the cavities are larger. Tliere is an associated danger, 
however, for fine-grained soils continue to raise the deeper water to the surface ; 
with coutiuued evaporation the soil is dried to a considerable depth. In a sandy soil, 
on the other hand, only the water in the uppermost layers of the soil can be evaporated. 
Thus, in the latter case the water present in the deeper portions remains available 
for the use of plants. Fine grained soils, as a rule, undergo extreme variations 
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in their water-content. It follows from what has been said that the physical 
properties of the soil have an important bearing on the geographical distribution 
of plants. 

Other Types of Absorption of Water. —Some plants do not obtain their water 
from the soil. They belong chiefly to two distinct ecological groups, the 
EPIPHYTES and the wateu-plants. The morphological and anatomical pecu- 
liarities found in relation to the absorption of rain and dew by the sub-aerial 
organs have already been dealt with on p. 173 f. 

(b) The Absorption of Nutrient Salts. — The nutrient salts can only 
be absorbed by the superficial cells of the plant when in solution. The 
question has to be considered in what way the dissolved substances 
reach the vacuole through the cell-wall and the protoplasm. It was 
seen in connection with plasmolysis (p. 218 ) that the protoplasm is 
more or less semi-permeable, i.e. })ermeable to water but only with 
difficulty to dissolved substances. If the protoplasm were really quite 
impermeable to the salts that have been considered above, not even 
traces of them could enter the cell-cavity. Practically, however, the 
impermeability of the protoplasm is perhaps not absolute for any 
substance; there are all grades, from substances that pass through 
the protoplasm as easily as water, to those that are almost incapable 
of passing through it. Substances that diffuse fairly quickly cause a 
transient plasmolysis. Alcohol, ether, and chloral hydrate diffuse with 
special rapidity and cause no plasmolysis. The permeability of the 
protoplasm is not always the same, and may be regulated according 
to the external conditions ( 2 ^). The salts of alkalies, for example, 
determine an increasing impermeability as regards themselves, and the 
salts of the alkaline earths can also diminish permeability for the 
alkaline salts. 

The absorption or not of a substance is determined not by the 
whole protoplasm but by its external limiting layer. In the further 
passage of the substance, from the protoplasm into the cell-sap, the 
wall of the vacuole exercises a similar power of selection. The 
cause of the selective power, by reason of which different cells 
can appropriate quite distinct constituents or substances in different 
amounts from the same soil, is to be sought in this most important 

property of the limiting layers of the protoplasm. 

• 

From the same soil one plant will take up chiefly silica, another lime, a third 
common salt. The action of Seaweeds in this respect is especially instructive ; 
living in a medium containing .some 3 per cent of common salt and poor in 
potassium salts, their cells, nevertheless, absorb relatively little common salt, but 
accumulate [)otassinm salts. 

Every substance to which the limiting layers of the protoplasm 
are permeable must ultimately reach the same concentration in the 
vacuole as in the solution outside the cell when its absorption would 
cease. Practically it often enters in much greater amount than this. 
Thus, for example^ only a trace of iodine is present in sea-w^ter, 
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but may be accumulated in such quantities in seaweeds for these to 
become a source from which it is commercially obtained. The cell 
has not only a selective power, but is also able to store up materials 
by converting them into insoluble or inditfusible forms. 

Certain organic pigments p) such as methylene blue are especially suited to 
demonstrate the entrance and accumulation. Many cells contain tannins in their 
vacuoles, and these substances form with the entering pigment a compound which 
is indillusible or quite insoluble. For this reason the vacuole becomes deejdy 
coloured or has blue precipitates, though the solution of methylene blue employed 
is extremely dilute. It is noteworthy that the protoplasm itself remains un- 
stained and is not in any way injured ; the pigment would be accumulated in 
dead protoplasm. 

The accurate study of the passage of colouring matters through the protoplasm 
has allbrded valuable information regarding the causes of permeability, without as 
yet leading to a generally accepted theory. It may first be remarked that all cells 
do not behave alike. Thus the cells adjoining the vessels absorb acid dyes readily 
while usually permitting the basic dyes to pass. Since only basic dyes are soluble 
in lipoids, i.c. in fats and fatty bodies (lecithin, cholesterin) and the acid dyes are 
insoluble, the view has been advanced {‘“^) that the limiting layer of the proto- 
plasm may consist of lipoids ; with various modifications this view has many ad- 
herents. lint this “ lipoid-theory ”, like the other hyj>otheses to be mentioned, is 
open to serious objections. Ruhland has developed in place of it the ultra-filtra- 
tion theory according to which the penetration of pigments dependwS on the size 
of their particles, the protoplasm acting like a sieve. According to Tkauuk’s 
theory the power of a substance to lower the surface tension of water detei - 
mines its absorption by a cell. Lastly, according to the views of IIanstken (-’<), 
the outermost layer of the protoplasm consists of phosphatides, which can in 
various ways be more loosely or closely placed under the inliiience of particular 
substances and external factors ; in this w’ay the permeability will be altered. 

Under natural conditions some plants absorb the nutrient salts 
from water as do the plants in a water-culture experiment. This is 
the case in many water-plants in which the whole external surface is 
of use in absorption. Since the salts only exist in very dilute solution 
in the water, the need of an extended surface for this purpose is 
readily understood ; this in part explains the frequent occurrence of 
finely divided leaves in water-plants. The salts dissolved in the water 
are not, however, sufficient for all aquatic plants ; many absorb 
substances from the soil underlying the water by i^ans of their roots, 
and do not succeed when deprived of roots. 

As a rule in land-plants the salts are absorbed from the soil. 
The salts contained in the nutrient solution described above, or similar 
compounds, are constantly present in the water of the soil ; some of 
them, however, in such small amount as only to suffice for the gi'owth 
of plants for a short period. Other sources of supply of the food-salts 
must exist when such growth continues. In fact, the amount of salts 
dissolved in the soil-water is no measure of the fertility of the soil. 
The soil always contains food-salts, partly in an absorbed condition, 
and partly in mineral form which the plant has to render accessible. 

Q 
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This is effected mainly by the excretion of carbonic acid from the root- 
hairs. Many substances are much more readily soluble in water con- 
taining carbonic acid than in pure water. 

The solution of solid rock by the plant may most readily be shown by allowin^j 
the roots to grow against smooth }»olished slabs of marble ; the course of the roots 
is indicated by the etching of the surface. 

There are other cases in which stronger acids than carbonic atdd excreted by 
the plant are concerned in bringing minerals into a soluble form. This can hardly 
be doubted when felspar and mica are dissolved by certain Lichens (2^). Fungi 
and Bacteria also frequently produce and excrete solvents of this kind during their 
metabolism, and may have a similar effect on insoluble substances in the soil. 

Some soils, especially those containing much clay, lime, or humus, have the 
property of retaining })otassium and ammonium salts, and in less degree salts of 
calcium and magnesium ; the.se substances are not easily washed out of the soil 
but can be obtained by plants. This is spoken of as the power of absorption of 
the soil for the substances in question. This does not hold for all salts ; thus, for 
instance, sulphates and nitrates are not absorbed. 

When the substratum contains, in addition to water and nutrient 
salts, dissolved organic substances, these may be absorbed in the same 
way. Water-cultures show, however, that at least the typical green 
plant is not dependent on such substances. It is otherwise with the 
Fungi and other plants which resemble them in metabolism (p. 257). 

In addition to water and nutrient salts, dissolved gases may also be 
absorbed by the roots. As a rule only oxygen need be considered. 
The main source from which gases are absorbed is the atmosphere. 


2. The Givlngr off of Water 

The water absorbed by the roots is conducted throughout the body 
of the plant and given off from the subaerial parts in the form of vapour 
or less commonly as drops of liquid water. The former process is 
known as TRANSPIRATION, the latter as exudation. 

Transpiration {^) 

The vegetable cell, like every free surface of water or substance 
swollen with water (e.g, gelatine, mucilage), must give up water to the 
air so long as the latter is not completely saturated. Under certain 
conditions the loss of water from some parts of plants {e,g, roots, sub- 
merged portions, shade-plants) is very great. Such objects exposed to 
dry air, especially in the sun, lose so much water that they become 
collapsed, limp, and wilted, and ultimately dried up. The leaves borne 
on ordinary land-plants behave otherwise. At first sight no loss of 
water is perceptible from them ; but they also wilt during a drought, 
which renders absorption of water from the soil difficult. If the supply 
of water to them is interrupted completely, as by cutting them off, 
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the wilting occurs more speedily. If the cut branches are placed in 
water this is absorbed by the cut surfaces and wilting does not take 
place. That they as a rule do not wilt when in position on the 
plant evidently depends on the fact that water is supplied from below 
in equal amount to that evaporated from above. The giving off* of 
water can be demonstrated by simple methods. 

Transpiration can be very strikingly demonstrated by the change in colour of 
cobalt i)aper ; filter-paper soaked in a solution of cobalt-chloride has when coni- 
liletely dried a blue colour which changes to red on the presence of water. If a 
small piece of this cobalt paper is laid on a leaf and protected from the dampness 
of the atmosphere by a slip of glass, the change in colour to red, that commences 
at once, indicates the transpiration ; conclusions as to the quantity of water given 
off may be drawn from the greater or less rapidity of the commencement and 
progress of the change in colour. Exact information on this point can only be ob- 
tained by weighing experiments. The flower-pot must be so covered that no 
evaporation can take place from it. The loss of water-vapour by a plant is usually 
so great, as to be recorded on a common balance without great dilliculty in the 
course of a quarter of an hour. No general statement can be made as to tlie 
amount of transpiration from a unit area of transpiring surface, for this depends on 
many external factors, e.if. temperature, light, supply of water, etc., as well as on 
the structure of tlie plant. 

The process of transpiration takes place in this way. An 
epidermal cell exposed to the air will lose some of the imbibition 
water of its cell-wall by evaporation ; this would go on until the 
cell-wall was dried by the air if a reserve of water were not obtainable 
from within the cell. This is in fact obtained from the protoplasm, 
from which the cell-wall, no longer fully saturated, withdraws imbibi- 
tion water, and the pi*otoplasm in turn makes good its loss from 
the vacuole. The movement of the water affects the interior of 
the cell, and brings about a concentration of the cell-sap. Thus the 
conditions are established for the cell to absorb water from an adjoin- 
ing cell which is not itself transpiring, and the loss of water is thus 
conducted from the superficial cells where evaporation is taking place 
into the depths of the tissue. The amount of transpiration primarily 
depends on the permeability to water of the cell-wall. If the cell- 
wall is an ordinary cellulose membrane the amount of transpiration 
will be large ; when the wall is covered with wax or cuticle, or 
impregnated with cuticular substance, it gives off little water. Com- 
parative investigations on suitable objects, by means of cobalt paper, 
show how the transpiration diminishes with the increase in thickness 
of the cuticular layers until it ultimately becomes practically non- 
existent. Corky walls behave in the same w^ay as cuticularised 
layers. In their outer covering of cork, cuticle, and wax, plants 
possess a protection from a too rapid loss of water. An apple or a 
pumpkin, fruits with well developed cuticles, or a potato tuber protected 
by a layer of cork from loss of water, will remain turgescent for a 
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long time. The green organs of plants, on the other hand, which 
must be able to get rid of the surplus water in order to secure the 
concentration of the nutrient salts and to reduce their temperature, 
make little use of such protective coverings. On the contrary, it 
has been seen (p. 158) that they are provided, besides the adaptations 
to regulate the transpiration, with special contrivances for promoting 
evaporation. Their great surface extension may be specially men- 
tioned. 

Transpiration is not, however, limited to the cells which are directly 
in contact with the atmosphere ; an enormous number of internal cells 
can get rid of water-vapour when they abut on intercellular spaces. 
The air-filled intercellular spaces would clearly, after a short time, 
become completely saturated with water-vapour were they completely 
closed. Communications exist, however, as we have seen, between 
the atmosphere and the intercellular spaces, the most important 
being the stomata (p. 48). The aqueous vapour can escape by these, 
and thus the condition of saturation of the air in the intercellular 
spaces is not complete. The water- vapour escaping from the stomata 
is readily recognised by means of cobalt paper. If pieces of this are 
laid at the same time on the upper and lower surfaces of a leaf that 
has stomata only on the lower side, a change of colour will quickly 
take place in the cobalt paper on this side, while the blue colour 
will persist for a long time in the paper on the upper side. 

It is usual to distinguish stomatal and cuticular transpiration, and 
we may thus say that only the stomatal transpiration is of importance in 
the typical land plant. In plants inhabiting damp localities the cuti- 
cular transpiration becomes considerable. Though the openings of the 
stomata are extremely small (cf. p. 49) they are usually present in 
enormous numbers and very suitably distributed. When it is taken 
into consideration that, as Noll has shown, a medium-sized Cabbage 
leaf is provided with about eleven million, and a Sunflower leaf with 
about thirteen million stomata, it is poswsible to estimate how greatly 
evaporation must be promoted by diffusion through these innumerable, 
minute but closely placed perforations in the cuticular membrane, which 
itself allows practically no water to pass. 

The smallness of the pores is indeed advantageous for transpira- 
tion. Brown and Escombe have shown that by diminishing the size 
of the pores in an evaporating surface while at the same time a 
corresponding increase in number of the stomata takes place, the total 
loss of water in transpiration is increased. 

A further important property is that stomata not merely facilitate 
transpiration, but can stop it; they serve to regulate the trans- 
piration, which a cuticle cannot do. The width of the pore of the 
stoma can be altered by changes in the guard-cells. When the pore is 
fully opened transpiration is maximal, and when it is completely 
closed transpiration sinks to zera Since the opening and closing of 
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the pore take place in accordance with the needs of the plant, the 
stomata are organs which react in a wonderfully purposive fashion. 
Opening is caused by illumination and by a certain degree of humidity 
of the air ; on the other hand, darkness or dry air effect a closing 
of the pore. 

The movements of the guard-cells are movements of irritability 
and are brought about by changes in turgescence. As a consequence 
of the peculiar thickening of the elastic cell-walls of the guard-cells 
(p. 50), an increase of the turgor-pressure intensifies the curvature 
of the cells and a diminution of turgor lessens the curvature. The 
former change leads to the opening of the pore and the latter to its 
being closed, as will be evident from Fig. 235 without further descrip- 
tion (cf. also Figs. 45-47). 

An increase of turgor could result from more water being available 
for the osmotically active contents of the guard-cells to atti’act. As a 
matter of fact it comes about from a considerable increase in the 
osmotic value of the guard-cells under the conditions of increased 
illumination and humidity. The osmotic value on the other hand 
diminishes with shading and dryness. 

This increase in the osmotic value of the sap of the guard-cells is to be mainly 
related to the solution of the starch deposited in the chromatophores, i.c, its con- 
version into an osmotically active substance. Correspondingly the fall in osmotic 
value is brought about by the re-forming of this starch. The enzyme on which 
the solution of the starch -grains depends is rendered active by a number of different 
stimuli, some of cliemical and others of physical nature ; similarly the regeneration 
of the starch cau be determined in various ways. The influence of light on tlie 
enzymatic process in the guard-cells is especially important. According to the 
investigations of Linsiuukk and Stalfklt, a sudden cljange in the strength of 
the illumination is recognisable within 3-6 minutes by an alteration in the size 
of the stomatal pores (^). 

The stomata are mainly present on the leaves, which are thus to 
be regarded as organs of transpiration (and of assimilation, p. 240). 
The amount of water evaporated from the leaf-surfaces is surprising (*^^). 
For instance, a strong Sunflower plant, of about the height of a 
man, evaporates, in a bright day, over a litre of water. It has been 
estimated that an acre of Cabbage plants will give off two million 
litres of water in four months, and an acre of Hops three to four 
millions. For a Birch tree with about 200,000 leaves and standing 
perfectly free, von Hohnel estimated that 300-400 litres of water 
would be lost by evaporation on a hot dry day ; on an average the 
amount would be 60-70 litres. A hectare of Beech r ood gives off on 
the average about 20,000 litres daily. It has been calculated that 
during the period of vegetation the Beech requires 75 litres and the 
Pine only 7 litres for every 100 grammes of leaf substance. For every 
gramme of dry, solid matter produced, 250-900 grammes of water 
are evaporated on the average. 
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It is evident from these and similar experiments that more water is (evaporated 
in a given time from some plants than from others. These variations are due to 
differences in the area of the evaporating surfaces and to structural peculiarities 
(the number and size of the stomata, presence of a cuticle, cork, or hairy covering, 
etc.). But, oven in the same shoot, transpiration is not always uniform. This is 
attributable to the fact that, both from internal and external causes, not only the 
size of the o})enings of the stomata varies, but also that transj)iration, just as 
evaporation from a surface of water, is dej)6ndeiit upon external conditions. Heat, 
as well as the dryness and motion of the air, increases tranH])iration for purely 
physical reasons ; while liglit, for physiological reasons, also promotes it. From 
both physical and physiological causes, tranpiration is more vigorous during the 
day than night. Plants like Impatkns parviflova, which droop on warm days, 
becoiiK^ fresh again at the first apjuoach of night. 

In order to arrive at a proportional measurement for the physio- 
logically active forces and the evaporation due to the atmosphere, the 



Fio. 235.— Stoma of Hdlehorus up, in transverse .s(‘ct-ion. The darker lines show th<‘ shape assumed 
by the j?uard-cell.s when the stoma is open, the lij^hter lines wlmn the stoma is closed. (After 
Hchvvenoknkr.) 1’ho caviti»‘s of the j^uard-cells with the stoma closed aje shaded, and are 
distinctly smaller than when the stoma is open. 

transpiration of the leaf may be compared v/ith the evaporation from 
an equal surface of pure water under the same external conditions. 
The ratio, transpiration : evaporation (T/E) which is always less than 1, 
may be termed relative transpiration. This conception must, however, 
be employed with caution, because, with an alteration in the external 
factors, the evajioration from a free water-surface follows other laws than 
the giving off of water- vapour through a multiperf orate membrane 

Information as to the condition of opening of the stomata can be obtained 
by the use of cobalt pai)er (cf. j). 227) or by the method of infiltration. If the 
stomata are open, fluids such as petroleum, alcohol, etc., easily penetrate and inject 
the whole system of intercellular spaces ; the leaf thus becomes translucent. If a 
strip of black paper is laid across a leaf the underlying stomata close. On treat- 
ment with alcohol the appearance repre.seiited in Fig. 236 is then obtained. The 
open condition of the stomata may also he demonstrated by the method of gaseous 
diffusion. If a red leaf containing anthocyanin with its stomata open is placed in 
air containing ammonia, a blue colour develops in a few .seconds ; this does not 
take place if the stomata are closed. More recently the porometer devised by 
F. Darwin for the measurement of the width of the stomatal openings has been 
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employed. It consists of a small glass bell (Fig. 237 G) which is closely cemented 
to the loaf (B). The enclosed air, by means of a suction applied at Q. 'is brought 
somewhat below atmospheric pressure ; the pressure is measured by the water- 
manometer (T). Tile rapidity with which the pressure in the bell and the atmo- 
spheiic pressure are equalised gives a measure of the condition of oiiening of the 
stomata. 

Plants of dry habitats which require to economise the absorbed 
water show numerous arrangements which protect them against 



Flo. 28r).— A Imf of l.ilac darken«<l in the 
middle whil« the ends were exposed to 
lij^ht. Only tho illuminated stomata 
nnnaiii opou and allow the absolute 
alcohol to enter. (After Moi.isoii.) 


T 



Fio. 237.— Porometer after F. Darwin. B, leaf ; 
Q, glass chamber; T, manometer; Q, com- 
pression clip ; W, water. 


excessive transpiration (cf. p. 159). In plants living in very damp 
situations, on tlie other hand, arrangements to further transpiration 
are found. When the leaf is able, either by absorption of heat from 
without or by the production of heat within itself (p. 273), to raise 
its temperature above that of its surroundings, transpiration is still 
possible even in an atmosphere saturated with aqueous vapour. In 
the process of exudation the plant has a further means of giving off 
water even after transpiration has completely stopped. 


Exudation (®^) 

The discharge of water in a liquid state by direct exudation is 
not of so frequent occurrence as its loss by transpiration, but is found 
under special conditions, viz. when the plant is saturated with water 
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and the air is saturated with water vapour. Early in the morning, 
after a warm, damp, but rainless night, drops of water may be 
observed on the tips and margins of the leaves of many of the plants 
of a meadow or garden. The drops gradually increase in size until 
they finally fall off and are again replaced by smaller drops. These are 
not dewdrops, although they are often mistaken for them ; on the 
contrary, these drops of water exude from the leaves themselves. 
The drops disappear as the sun becomes higher and the air warmer 
and relatively drier, but can be induced artificially if a glass bell-jar 
be placed over the plant, or the evaporation in any way diminished. 

The excretion of drops from the leaves 
can be brought about by artificially 
forcing water into cut shoots. 

The dro])s a])|)ear at tlie tips of the leaves 
in Grasses, on the leaf- teeth of Alchcmilla^ 
and from the blunt ]»rojcctions of the leaves in 
Tropaeolum (Fig. 238). They come from so- 
called WATEii-STOMATA (p. 110) or through 

ordinary stomata, or they are secreted by small 
I>its or hairs (sometimes by stinging hairs). 
All .such water-excreting organs are termed 

HYDATnODES. 

The excretion of liquid water is far more 
common in moist tropical forests than in 
temperate climates. Such exudations of water 
are )>articularly apparent on many Aroids, and 
drops of water may often be seen to fall, 
within sliort intervals, from the tips of the large 
^ from & Oolocasia nympjtaei. 

(Alter Noll.) folia the exuded drops of water are even 

discharged a short distance, and 190 drops 
may fall in a minute from a single leaf, while litre may bo secreted in 
the course of a night. Again, in unicellular plants, especially some Moulds, the 
copious exudation of water is very evident, the water in this case is pressed 
directly through the cell-walls. 

Since the excretion of water in the liquid form can occur when 
the conditions are unfavourable to transpiration, especially in sub- 
merged water-plants, it may in a sense take the place of transpiration 
in maintaining the current from the water-absorbing organs. Its 
physiological significance is not, however, the same as transpiration, 
since the expressed water always contains salts, and sometimes also 
organic substances in solution. In fact, the quantity of salts in water 
thus exuded is often so considerable that after evaporation a slight 
incrustation is formed on the leaves (the lime-scales on the leaves of 
Saxifrages and the masses of salt in some halophytes, p. 213 ). In 
some instances, also, the substances in solution in the water may play 
the main physiological part in the process as in the case of the 
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secretions of the nectaries, of the digestive glands of insectivorous 
plants (p. 262), and of some STIGMAS. 

Bleeding*. — Exudation of water may often be observed after a 
plant has been wounded ; it is regularly seen in trees and shrubs 
when cut in the spring, and is especially well marked in the Vine. 
In shrubs cut off a short distance above 
the ground, the extrusion of water from 
the wound is readily demonstrated. In 
this weeping or bleeding of wounds the 
water comes from the vessels and 
tracheides, and is pressed out with 
considerable force (root-pressure). | 


If a long glass tube be plaoed on the root- 
stum]) and tightly fastened by rubber tubing, 
the exuded fluid will be forced up the glass tube 
to a considerable heiglit. How great the force of 
this ])ressuro is may bo shown by attaching to the 
stum]) a manometer (B'ig. 239). The column of 
mercury will in some cases be forced to a height 
of 50 or 60, and under favourable conditions to 
140 cm. or more (in the Hirch). These pressures 
would be sufficient to raise a column of water 
6, 8, and 18 metres high. 

The amount of water extruded is especially 
gi’cat when the soil is kept moist and warm ; it 
continues und(‘.r such conditions, according to 
the kind of i)lant and its stage of development, 
some days or even months. The water may 
amount to many litres ; up to 1 litre per day in 
the Vine, 6 litres in the Birch, and 10-15 litres 
in Palms. In parts of plants that continue 
bleeding for some time a certain periodicity in 
the amount is noticeable ; more is extruded by 
night than by day. 

The outflowing sap often contains, in addition 
to mineral salts, considerable quantities of 
organic substances (dissolved albuminous matter, 
asparagin, acids, and especially carbohydrates). 
The amount of saccharine matter in the sap of 



Fid. 23i». — Vi^'orous exudation of 
water as the result of root-pres- 
sure from a cut stem of Dahlia. 
The smoothly-cut stmn s is .joined 
to the glass tube g by means 
of the rubber tubing r. The water 
JT, absorbed by the roots from 
the soil, is pumped out of the 
vessels of the stem with a force 
suttlcient to overcome the resist- 
ance of the column of mercury Q. 
(After Noll.) 


some plants is so great that sugar may be 
profitably derived from it. The sap of tlie North American sugar-maple, for 
example, contains ^ per cent of sugar, and a single tree will yield 2-3 kilos each 
spring. The sap of certain plants is also fermented and used as an intoxicating 
drink (birch wine, palm wine, pulque, a Mexican beverage n ;'de from tlie sap of 
Agave, etc.). One inflorescence of Agave will yield 1000 litres of sap in from four 
to five months. 

Causes of the Excretion of Water (®®). — The excretion of drops of water from 
intact plants is in part due to an active excretion of water from superficial cells. 
In other oases water is forced into the vessels, and finds a way out at the points of 
least resistance (p. 110). In the phenomenon of bleeding, also, water is forced from 
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parenchymatous cells into the cavities of the vessels ; although this process takes 
place especially often in roots, it is not always absent in the cases of stems and 
leaves. 

Thus, when fully analysed, all the phenomena described show a one-sided 
excretion of fluid from living cells. The causes of such glandular activity of the 
cells cannot be entered into here. 


3. Conduction of Water (^^’) 

The water which is given oft' from the leaves has been absorbed by 
the roots. It has thus to traverse a path which, even in annual plants, 
may amount to some metres, and in the giants of the vegetable kingdom 
may be more than 100 m. ; the stems of Eucalyptus amygdalina 
are 100 m., those of Sequoia gigautea 95 m. in height. Osmotic 
passage from cell to cell would bring about the movement of this 
water far too slowly to cover the loss. The movement of water for 
this purpose, or, as it is called, the TRANSPIRATION STREAM, is prac- 
tically confined to the woody portion of the vascular bundles, e.g. the 
wood of trees. This is shown by the classical experiment of ringing a 
woody stem. Over a short extent of a branch all the tissues external 
to the slender column of wood ape removed. Since the leaves of 
this branch remain as fresh as those of the other branches it is evident 
that the transpiration current must pass through the wood and not 
through the cortical tissues. On the other hand, when a short length 
of the wood is removed from a stem without at the same time unduly 
destroying the continuity of tlie cortex, the leaves above the point of 
removal will droop as quickly as in a twig cut off from the stem. 
This experiment can be performed cither on intact plants or on cut- 
off branches placed in water; the latter for a time, until changes 
have taken place at the cut surface, absorb water as actively as 
does the intact plant by its roots. When a branch is cut oft* and the 
cut surface is placed in a solution of gelatine, w^hich penetrates for 
some distance into the vessels and can then be allowed to solidify, 
the wood will be found to have lost its power of conducting water. 
This shows that the cavities of the vessels are essential for water- 
conduction. 

In water-plants and succulents, in which little or no transpiration takes place, 
the xylem is correspondingly feebly developed. On the other hand, the transpiring 
leaf-blades have an extraordinarily rich supply of vascular bundles ; these anasto- 
mose freely, so that any particular point is sure to obtain sufficient water. The 
conducting tracts in the stem leading to the leaves form, especially in trees which 
grow in thickness, a wonderfully effective conducting system. All the wood of a 
thickened stem does not serve this purpose; water-conduction is limited to the 
more recently develoi)ed annual rings. When a heart-wood (p. 149) is formed this 
takes absolutely no part in the process. 

As regards the forces which maintain this stream df water it has already 
been seen (p. 222) that the water is absorbed by means of the suction- 
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force of the epidermis of the root and especially of the root-hairs. 
From the epidermis it has to be conducted across the inner layers of 
cells of the root to the vessels. In these it ascends until it reaches 
the leaves. Here again, there are several layers of parenchymatous 
cells to be traversed before the water reaches the cells that actually 
give it off. The movement of water 
in the plant is diagrainmatically 
represented in Fig. 240. There are 
evidently three questions to be 
answered: 1, how does the Avater 
reach the vessels ; 2, how is it 

conduQted in the vessels, and 3, how 
does it reach the peripheral cells of the 
leaves from the vessels ? 

The water can only be conducted 
from the epidermis of the root if the 
suction - force increases on passing 
iruvards across the cortical cell-layers. 

On the other hand the suction-force 
of the cells in the leaf must increase 
on passing outwards. Ursprung and 
Blum have made measurements which 
show that in the case of the root the 
suction-force of the cortical cells does 
actually become greater and greater 
until the endodermis is reached. In 
the leaves it was shown in a corre- 
sponding fashion that the cells of the -MO.— Diagranmiatic rei>n»seiitatJon of 
* ^ ^ tlH^ inovoiuriit of water in the plant. 

spongy parenchyma have a greater (After Walter.) 
suction-force than the parenchymatous 

cells abutting on the vessels, and the value for the palisade cells 
is still greater. These results may bo illustrated by an example. 

TJie cells of the roots of Phaseolus^ 1 cm. behind the tip, showed in a particular 
case the following values for their suction-force, expressed in atmospheres (^®) : 

Epidermis. Cortex : Layer 1 2 8 4 .*> 6 7 

0*3 0*5 1'5 1*8 2*0 1*8 2*2 2*3 

Endodermis. Pericycle. Wood-parenchyma. 

1*6 1*4 1*6 

The leaf of Hedera helix gave the following values : 

Upper Epidermis. Palisade-parenchyma. Spongy parenchyma. Lower Epidermis. 

8*3 13*0 10*2 7*8 

The suction-forces show ascending values from the epidermis to the endodermis 
of the root. The cells of the endodermis, and those of the pericycle and the 
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parenchyma cells around the vessels further in, show a diminislied value. There is 
a sudden alteration at the endodermis. In order to explain continued water- 
conduction by means of the suction- forces through these and the more internal 
cells, Urspuung has resort to a liypothesis of a non-homogeneous suction- force. It is 
assumed that each of the cells of the endodermis has a higher suction-force on the 
side towards the epidermis, and that this is greater than the suction-force of the 
adjoining innermost cortical cell ; on the other side of the endodermal cell, that 
turned inwards towards the vessels, the suction- force is much less. 

Thus when in the above example the value of 1*6 atmospheres was determined 
for the endodermis this would be an average between (say) 2*6 atmos})heres for the 
suction-force to the outside and 0*7 atmosphere for the suction-force to the inner 
side. If the cells further in behave in the same way, a stream of water from the 
epidermis to the vessels could come about in spite of the fall in osmotic value 
apparent at the endodermis. 

In the second example the parenchymatous cells that surround the bundle are 
not included. Uiisi'HUKg has however shovrn that their suction-force value is 
similar to that of the epidermal cells. If the epidermal cells have constantly a 
lower value than the cells of the palisade and spongy parenchyma it is clear that they 
are not supplied with water from the latter ; they will take water directly from the 
larger veins where the sheaths of the latter abut on the epidermis. 

Turning to the question as to how the water moves in the vessels 
there is still uncertainty as to the forces which give rise to the 
transpiration stream. It is natural to think of a pressure acting from 
below, or a suction from above, and to regard the former as due to 
root-pressure, the latter to the process of transpiration. There are, 
however, a number of reasons against ascribing the movement of 
the water to root-pressure. The other possibility, that it is mainly 
the suction-force arising from transpiration which raises the consider- 
able amount of water to the summit of high trees, has at present many 
adherents ; but there are still many gaps in the proof of this cohesion 
THEORY. 

The following points have to be considered aa regards the root-pressure. In 
many plants the root-pressure actually observed is very slight or absent. Even 
in plants witli a powerful root-pressure the amount of water thus supplied in a 
given, time is considerably loss tlian that lost in transpiration. With somewhat 
more active transpiration, therefore, the root- pressure is not manifested in the 
way described above. When an actively transpiring plant is cut across above the 
root, no water is at first forced from the stock ; but, on the other hand, if water is 
supplied to it the cut surface absorbs it greedily (there is evidence of a negative 
pressure). Only after it is fully saturated does the forcing-out of water commence. 
In nature root-pressure thus only comes into play when transpiration is greatly 
lessened, for instance at night when the air is damp and cool. The most favour- 
able conditions for this phenomenon occur in spring when, on the one hand, the 
wood is richest in water, and, on the other, the transpiring foliage is not fully 
developed. On wounding the xylem the sap then oozes in drops out of the vessels 
and tracheides. A positive root-pressure in trees with foliage appears only to occur 
in tropical forests. 

Many facts in support of the cohesion theory have been adduced. A cut shoot 
placed with its lower end in water shows by remaining fresh that it is able to 
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raise the water to its uppermost twigs. This does not fully exhibit the amount 
of suction-force which the shoot can exert, for if the latter is connected with a 
long tube filled with water it can support a water column of 2 metres or more in 
height. If the end of the tube is dipped into mercury even this heavy fluid will 
be lifted to a considerable height. Strong and otherwise uninjured branches of 
Conifers are able to raise the mercury far above the height of the barometric 
column, without showing signs of wilting. ‘Necessary conditions for such a suction 
are on the one hand an air-tight closing of the water-conducting tracts, and on the 
other hand a considerable cohesive power of the fluid to bo raised. The cohesion 
of w'ater has been found to attain a high value ; according to the nieasurcments of 
UnsPUUNG and Rennkh it may reach at least 3.50 atmosplicres. Thus it is possible to 
picture the pull exerted by transpiration being transmitted by the cohesion of the 
water to the tips of the roots. If the cohesion theory is correct it should be possible 
to demonstrate a considerable tensile force in the conducting tracts, and Renner 
believes that proof of this is forthcoming Tlie experiments of this investigator 
have weakened another objection to the theory and sliow^n that the frictional 
resistance which the water ex]ierieuces in its passage through the narrow vessels 
is not too great to be overcome by the suction- forces. Since the frictional resist- 
ance naturally increases wdth the length of the conducting tracts, and thus in the 
plant from above dow'n wards, the demonstration by Huiier that a correwSpouding 
increase in the suction-forces in the leaves accompanies an increase in the resistance 
is important for the cohesion theory (®^). There is difliculty in demonstrating the 
continuous water-columns in the conducting tracts re(|uired by the theory. It has 
recently been shown by Bode that such continuous water-columns exist in trans- 
parent herbaceous stems, and that they are not broken even by the considerable 
increase of the tensile force that accompanies wilting 

It is not out of the question that the living elements, always present in the 
vascular strands, may play a part in the raising of the water. 


IV. The Nutrient Materials derived from the Atmosphere 

While water and salts are, as has been seen, as a rule absorbed from 
the soil, the air contains substances which are necessary to the success- 
ful existence of the plant, and must be termed food-materials. These 
are carbon dioxide and oxygen. They are, as a rule, obtained from 
the atmosphere. Only submerged water-plants obtain them from the 
water, in which case they are absorbed in the same way as other 
dissolved substances. 

Oxygen. — When a plant is deprived of oxygen, all vital manifesta- 
tions sooner or later cease (cf. p. 289). Since oxygen is also essential 
to the human organism, this fact does not seem surprising. 

Carbon Dioxide. — It appears at first sight much less self-evident 
that carbon dioxide should be indispensable to the plant, and yet 
this is the case. While no source of carbon is off':‘red to the plant 
in a water-culture, it grows in the food-solution, and accumulates 
carbon in the organic compounds of which it consists ; the only 
possible conclusion is that the plant has utilised the carbon dioxide of 
the atmosphere. Carbon dioxide is present in ordinary air in the pro- 
portion of 0*03 per cent; thus a litre contains 0*3 ccm. If such air 
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is passed over a green plant exposed to bright light, it can be shown 
that the carbon dioxide diminishes in amount or disappears. Colour- 
less parts of the plant, or organisms like the fungi which are not green, 
behave differently ; they absorb no carbon dioxide. If a green plant 
is placed in a bell-jar and supplied with air freed from carbon dioxide, 
its growth soon stops, and increase in dry weight ceases completely. 
Carbon dioxide is thus an indispensable food-material, and is evidently 
the source from which the plant obtains its carbon. The small pro- 
portion of this gas present in the atmosphere is quite sufficient for the 
nutrition of plants (p. 245). A supply of organic compounds of carbon 
in the soil or culture-solution does not enable a plant to dispense with 
the carbon dioxide of the air ; in any case CO 2 is the best source of 
carbon for the green plant which we are at present considering. 
Neither is it sufficient to supjdy such a plant with carbonic acid in 
the soil or culture-solution ; it requires to be supplied directly to the 
leaves. 

Other Gases. — Oxygen and carbon dioxide are the only gases 
which are necessary to the ordinary green plant. For most plants 
the nitrogen of the atmosphere is of no use (cf. p. 259). 

Absorption of Gases. — Carbon dioxide and oxygen in 2 >art enter 
the epidermal cells, and })artly pass by way of the stomata into the 
intercellular spaces, from which they reach the more internal tissues. 

There are no air-filled canals or s])aces in the cell-wall or the 
protoplasm through which gases could diffuse into the cell. Thus 
absor 2 )tion of gases is only jjossible in so far as they arc soluble in 
the water permeating the protoplasm and wall. The gases behave 
like other dissolved substances and diffuse into the cell. They 
diffuse through cell- walls more easily the richer in water these are. 
The ordinary cell-wall, when in a dry condition, hardly allows gases 
to diffuse through it ; in nature, however, the cell-wall is always 
more or less saturated with water. The cuticle, on the other hand, has 
very little power of imbibing water, and places considerable difficulty 
in the way of any osmotic passage of gases ; it is not, however, com- 
pletely impermeable. 

The gaseous diffusion takes place rather through the water 
with which the cell-wall is impregnated than through the substance 
of the wall itself. Since carbon dioxide is much more readily 
soluble in water than is oxygen, it will be evident that it will 
pass more rapidh^' through a cell-wall saturated with water than 
oxygen will. In all probability this holds for the cuticle as well. 
Since, however, the partial pressure of the oxygen in the air is 
relatively considerable, while that of carbon dioxide is very slight, 
oxygen can pass in sufficient quantity through the cuticle, but carbon 
dioxide cannot ; on this account we find that all organs which only 
require to absorb oxygen are unprovided with stomata, while organs 
which absorb carbon dioxide always have stomata. 
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In the soil as well as in the air, plants, as a rule, find so much oxygen that this 
gas is able to pass through the epidermis. Organs which live in swampy soil 
w'hich is poor in oxygen form an exception to tJiis. In marsh-jiknts, which stand 
partly in the air, the large intercellular spaces form connecting canals through 
which the atmospheric oxygen without being completely used up can reach the 
organs growing deep in the swampy soil and cut off from other supplies of oxygen. 
In some cases (especially in Palms and Mangroves) the need of a supjily of oxygen 
to such roots is met by specialised roots (pneumatophoues) which project vertically 
from the muddy soil (Fig. IHl), and absorb oxygen from the air. 

The efficiency of the stomata in gaseous exchange varies with the width to which 
the pores are open. The closure of the jwres of the stomata, which may be brought 
about in maintaining a sufficient supply of water, not only arrests transpiration, 
but also prevents the entrance of OO 2 into the plant. 

It has been seen in considering the giving off of water-vapour that the stomata, 
in sjiite of their small size, facilitate diffusion on ac’count of their enormous 
numbers and their distribution. This also applies to the absorption of carbon 
dioxide. Thus, for examjde, a square metre of the leaf-surface of Catalpa absorbs 
about two-thirds the amount of carbonic acid gas taken up in an equal time by the 
same area of 3-10% soda solution freely exi)osed to the air. 

The Movement of Gases from cell to cell and their interchange 
between the cells and the intercellular spaces takes place by diffusion. 
In the intercellular spaces, movements in mass due to pressure are also 
concerned. Unequal pressure is sot up by the warming or cooling 
of the air in the intercellular spaces, or by movement of the part of 
the plant leading to changes of shape. The intercellular spaces form 
a highly-branched system of cavities communicating with one another 
and with the atmosphere. The communication with the outside is 
effected in the first instance by the stomata, and also by the lenticels 
and organs of similar function (pp. 48, 56) ; both diffusion and move- 
ments in mass of the gases go on through these openings. 

That the intercellular spaces were in direct communication with each other and 
also with the outer atmosphere was rendered highly probable from anatomical 
investigation, and has been })Ositively demonstrated by physiological experiment. 
It is, in fact, possible to show that air forced by moderate pressure into 
the intercellular passages makes its escape through the stomata and lenticels ; 
and conversely, air which could enter only through the stomata and lenticels 
can bo drawn out of the intercellular passages. The j)orometer described on 
p. 230 demonstrates clearly the connection between the intercellular spaces and the 
stomata. 

Intercellular air-spaces are extensively developed in water- and marsh-plants 
(cf. p. 157), and may form two-thirds of their volume. The submerged portions 
of water-plants unprovided with stomata thus secure a special internal atmo- 
sphere of their own, with which their cells maintain an u .*tive interchange of 
gases. This internal atmo.sphere is in turn replenished by slow diffusiou with the 
gases of the surrounding medium. As regards the rest of their gaseous interchange, 
these plants are wholly dependent on processes of diffusion, since stomata, etc. are 
wanting. Plants which possess these organs may alsa' obtain gases by osmosis 
if the cuticle of their epidermis is permeable to gases. 
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V. The Assimilation of the Food-Materials 
in the Green Plant 

The plant grows and continues to form new organs; for these 
purposes it continually requires fresh supplies of food-materials. The 
materials of the food become changed after their absorption, and the 
substance of the plant is built up from them. They are said to have 
been assimilated. By assimilation is understood the transformation 
of a food-material into the substance of the plant. Those pro- 
cesses of assimilation in which profound changes take place, e.g, the 
change from inorganic to organic compounds, are especially interesting. 
This is particularly the case when we are still unable to exi^erimcntally 
bring about the reaction outside the organism. The assimilation of 
carbon by the green plant is a process of this kind ; in it organic 
carbon compounds originate from carbon dioxide. 


A. Assimilation of Carbon Dioxide in Gkekn Plants 

The dry-weight of a green plant is increased when this is grown 
in a water-culture ; half of this dry weight consivsts of carbon and this 
is not supplied in the culture-solution. The green plant obtains it*" 
from the carbon dioxide of the atmosphere and transforms this by the 
help of sunlight into sugar. In this process water takes part and 
oxygen is given off as is expressed in a summary fashion by the 
formula : 

6C02 4-6H,0 = C,Hj20, + 60,. 


If we assume that the carbonic acid gas of the atmosphere (carbon 
dioxide, CO.^) becomes on its solution in the cell the formation 

of sugar would take place in two stages. In the first, oxygen would 
be given off and formaldehyde formed: 

H 2 C 03 =HCH 0 + 02. 

In the second stage the aldehyde is polymerised to sugar : 


eHCIIO^C^jHigOg. 


Thus, for every volume of carbon dioxide which is used up, an 
equal volume of oxygen is formed; in other words the relation 
of the oxygen to the COg absorbed is the so-called “assimilation 


quotient’’ shown by eudiometric measurements 

that this is the Ciise. The oxygen given off can, however, even 
when it is only detected qualitatively, be used as an indicator of the 
decomposition of the carbonic acid. Thus, when a plant is enclosed 
along with phosphorus in a space free from oxygen and exposed to 
light, the formation of oxygen is shown by the white fumes given 
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off from the phosphorus. Another means of drawing conclusions 
as to the production of oxygen by a green plant is afforded by 
the movements of certain Bacteria which previously lay motionless 
in the water from which oxygen was absent (p. 329). The clearest 
demonstration of assimilation is obtained by using certain water-plants 
such as Elodea or Potam^ogeton. If 


cut shoots or leaves of these plants 
are submerged in water and 
exposed to light, a brisk con- 
tiiiiious stream of bubbles comes 
from the cut surface. If the gas 
is collected in considerable quantity 
in a suitable apparatus, e,g, in 
a test-tube (Fig. 241), it can be 
shown to consist not of pure 
oxygen but of a mixture of gases 
rich in oxygon ; a glowing splinter 
bursts into flame in the gas. 

The ap])earaiice of the bubbles of 
oxygen is exj>laincd in this way. Tlio 
carbon dioxide dissolved in the water 
enters the green C(ills of the xdant by 
diffusion and is there decomposed. The 
oxygen given off is much less soluble 
than carbon dioxide and therefore 
aj»i)ears in the gaseous form. It passes 
into the intercellular sx»aces, causing 
there an increase of the pressure, and 
this is the cause of the appoaranco of 
bubbles of gas at every wounded surface. 



The foundations of our know- 

ledge of the assimilation of carbon f.,.. 241 .-Evclution of oxygon from assimilating 
dioxide by the green plant were plants, in tin! glass cylinder v, liiM with 

laid, in the end of the eighteen th water, am placed shoots of A'(.«ieamn,«fraafc; 

- , . . r 1 • i_ freshly^ciit ends of the slioots are intro- 

arid beginning of the nineteenth duced into the test-tube/?, which is also fuii 
centuries, by Priestley, Ingen- water. The gas bubbles b , rising from iim 

HOUSS, bENEBIItR, and IH. DE port the test-tube. (After Noll.) 

Saussure. The discovery is of 

extraordinary significance, for the formation of organic material 
from carbon dioxide by the green plant is the process which 


renders possible the life of all other organisms and in 


particular of animals upon the earth. 

By means of the gas-bubble method it is easy to bring proof of 
the statement made above that only the green parts of plants, and 
these only in light, are able to assimilate COg. Thus the stream 
of bubbles from an Elodea which goes on briskly at a brightly-lit 
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window becomes slower as the plant is brought into the middle 
of the room, and ultimately ceases when the intensity of the light is 
still such as to allow our eyes to read. Within certain limits 
assimilation increases in proportion to the intensity of the light. 
Similar experiments may be carried out using artificial sources of 
light. They show that all the methods of illumination in common 
use may be effective in the assimilation of COg. The rays of different 
wave-lengths are, however, by no means of equal use in assimilation 

In order to investigate the effect on assimilation of light of different wave- 
lengths, either the dissociation of light in the spectrum or light rendered 
monochromatic by colour screens may be employed. 

On the whole the assiniilatory effectiveness is limited to the visible rays in the 
neighbourhood of 0'4-0*8At. Uhspruno believes that he has demonstrated that 
both ultra-red and ultra-violet rays can also be utilised. The behaviour of the 
different rays has been much studied, but the results are still not clear. It is 
certain that the red rays of 0‘68/Lt show the maximal absorption (Fig. 242) and also 



Fio. 242. —Absorption spectrum of chlorophyll according to Or. Kraus, llic Fraunhofer linos 
(B, etc.) are indicated above and the wave-lengths (700 A6,a-400 below. The black and 
shaded regions are those where the light is absorbed or weakened. 


have a specially strong assimilatory effect. According to EngkJ/MAnn there is a 
far-reaching correspondence between the absorption of light by chlorophyll and 
assimilation. Ursprung has investigated the starch-formation in light of all 
wave-lengths, arranged to aiford equal light-energy. His results are represented 
in Fig. 243. This shows the parallelism with the absorption spectrum that might 
be anticipated ; it breaks down in the blue and violet region, because here, owing 
to the closure of the stomata, the supply of COg is too small. Kniep and Minder, 
who have investigated the assimilation in light of different colours by the gas- 
bubble method, found that blue light is as effective as red when it provides the 
same energy. 

Since sunlight is, in Nature, an indispensable factor in COg assimila- 
tion it becomes at once clear why the foliage leaves have a flat 
expanded shape. Their large surface fits them to absorb the light. 
If their function of COg assimilation is to be well performed the 
foliage leaves must not only have a large surface but also be 
thin. Willstatter’s investigations showed that light which has 
passed through two foliage leaves is unable to exert any further 
assimilatory effect. The leaves must, however, contain a very large 
number of chlorophyll-grains. Their dark green colour shows that 
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this is the case, and microscopical examination confirms this. Stems 
have far fewer chloroplasts than the leaves, and the roots and other 
subterranean organs have none at all. 

Every investigation shows that organs without chlorophyll are 
quite unable to assimilate carbon dioxide. This holds not only for 
the organs of the plant but for the parts of the cell. The colourless 
protoplasm and the nucleus of the cell give ofi* no oxygen when 
exposed to sunlight ; this can readily be proved by the bacterial 



Fks. • 24 S.— Tlie unbroken line represents the dependence of staroh-forniiition on the wave-length of 
light, when the light-energy supplied is »'<iual for all th<* rays. The dotted line repirsenls the 
radiation abaorlwd by the green pigment of living leaves, the entering radiation being 
represented by JOO. On the abscissae the wave-lengths of light are given in fifx and some of 
the Fraunhofer lines are indicated. (Grating spectrum. After UiisriirNo.) 

method. The chloroplasts alone are the active organs in CO^ 
assimilation, and only when they contain chlorophyll ; etiolated 
(p. 285 ) or chlorotic (p. 18 ) chloroplasts are not functional. 

In the red* leaved varieties of green plants, such as the Purple Beech and Red 
Cabbage, clilorophyll is developed in the same maimer as in the green parent- 
species, but it is hidden from view by a red colouring matter in tlie epidermis or 
in deeper-lying cells. 

Only a relatively small percentage of the light which falls on the 
leaf and is absorbed is utilised in the assimilation of CO.^ (^®). That, 
however, light must disappear as such in CO, assimilation is clear, for 
from what other source than the energy of light could the energy he 
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obtained that is stored up in the organic substance formed in assimila- 
tion ? This potential energy of the organic substance of the plant 
serves to maintain the vitiil processes. The force exerted by our 
steam-engines is also to be traced to the assirailatory activity of the 
plants, the wood or the carbonised remains (coal, brown coal, peat) 
of which are burnt beneath its boiler. In the combustion of the 
reduced carbon compounds to carbon dioxide the energy, which was 
previously required to transform carbon dioxide into the combustible 
materials, again becomes free. There is thus in the formation of 
organic substance not merely a gain of indispensable constnictive 
material, but also of energy in a form which 
allows of its ready utilisation in other parts of 
the plant (p. 269). 

Since a supply of energy is re<iuired in CO.^ assimila- 
tion the formula givenjon p. 240 may be more completely 
given — 

6 COo 4 GHgO + 674,000 cal. = CfiH, A + ^Oo. 
According to the investigations of Brown and 
PURiEwiTsCH it can be assumed that a leaf in Nature 
absorbs about 80 per cent of the total radiation falling 
on it, including both the invisible heat rays and the 
visible rays of light. By far the greater }>art of this 
goes to raising the temperature of tlie plant, for only 
„ 1 , X. r, . 0‘5-6*0 per cent is employed in assimilation. If, on the 

illuminated at the two other hand, only the visible rays that arc absorbed are 
circular areas. Accnmula- taken into consideration the chlorophyll-apparatus is 
tion of the bacteria only found to work very economically; W a Him 110 and 
in the neighbourhood of were able to show for the Alga Chlorella 

AfLr Knoe^m^Inn absorbed visible rays of 

liglit were used in assimilation ^ 

The assimilatory activity of a chloroplast, like every vital function, 
is dependent on a number of internal and external factors. To the 
internal factors belong the presence of the pigment chlorophyll and 
its situation in a living chloroplast. Chlorophyll itself, separated from 
the plant, is as little able to decompose the carbon dioxide as is a 
chloroplast which for any reason has not developed the characteristic 
pigment or has lost it (chromoplasts). Since, however, assimilation is 
not proportional to the amount of chlorophyll, it is necessary to assume 
with WiLLSTATTER (^•''^) that iu addition to the pigment another factor 
is essential, whether this is the protoplasm of the chloroplast or an 
enzyme (p. 252) which it contains. 

Among external factors sunlight as referred to above must be 
mentioned first, and next the presence of carbon dioxide. Since the 
latter is only present in small proportion in the air and its place 
cannot be taken by other compounds such as carbon monoxide, the 
life of plants, and with this the existence of all organisms, would 
ultimately cease were not fresh supplies of carbon dioxide continuously 




PIV. II 


PHYSIOLOGY 


245 


produced. The amount of carbon dioxide in the atmosphere is 
estimated at 2100 billion kilogrammes and the annual consumption 
by green land-plants at 50-80 billion kg. 


It is thus clear that the supply would be used up in a few years by the vegetation 
(*®) were it not continually renewed. This is in fact the case, for th(? continual con- 
struction of organic substance in assimilation is accompanied by a continual breaking 
down of such substances in respiration and combustion. The two processes must be on 
the whole equivalent ; were it not so, it would be imeornprehcnsible how organic 
life has existed for millions of years on the earth. At the present time there are 
always about 3 litres of CO^ in every 10,000 litres of air ; in winter the amount is 
somewhat greater (3.0-3-6 litres) and in summer somcwliat less (2-7-2*9 litres). 

It is open to question whether these proportions have always held. It is not 
impossible that the percentage of carbon dioxide in the air may have been greater 
in earlier periods, and that the great development of the vegetation that resulted 
in the accumulations of coal may have stood in relation to this. 

The following examtde will servo to illustrate tlie magnitude of the pro- 
cess. The average amount of CO2 is about 3 litres in 10,000 litres of the 
atmosphere. This weighs about 7 grammes, of which is oxygen, and only ^”1 
carbon. Only 2 grammes of carbon are thus contained in the 10,000 litres of air. 
ill order, therefore, for a single tree having a dry weight of 5000 kilos to acquire its 
2,500,000 grammes of carbon, it must deprive 12 million cubic metres of air of their 
carbonic acid. From the consideration of these figures, it is not strange that the 
discovery of Ingenhouss was unwillingly accepted, and afterwards rejected and 
forgotten. Li ebio was the first in Germany to again call attention to this discovery, 
which to-day is accepted without question. The immensity of the numbers just 
cited is not so appalling when one considers that, in spite of the small percentage 
of carbonic acid in the atmosphere, the actual supply of this gas is estimated at 
about 2100 billion kilos, in whicli are held 560 billion kilos of carbon. The 
whole carbon-supply of the atmosphere is at the dis[>osal of jdants, since the CO2 
becomes uniformly distributed by constant diffusion. 

These figures are also an indication of how great the converse processes of 
breaking down of carbonaceous compounds must be to maintain the supply of 
carbon dioxide at the same general level. By the respiration of the higher plants 
and animals, as well as by the combustion of coal, a considerable part of the 
organically combined C is again transformed into CO2 ; the main part of the carbon 
dioxide is, however, probably returned to the air by bacteria living in the soil. 
Investigations have shown that the amount of the “soil-respiration” (i.e. the 
respiration of the micro-organisms living in the soil and of the roots of the plants), 
in the case of a field planted with wheat, would be sufficient to cover the 
requirements of CO2 for the crop. 

According to ScHRiiDKK the carbon of 1100 billion kilogrammes of CO2 is fixed in 
the land-plants of the world ; about 00% of this is in the wood of trees. This 
amount is about one half of that contained in the atmosplicre. Animals appear 
to contain much less carbon and only account for about 1% of the amount 
accumulated in plants. 

Submerged water-plants absorb the COg dissolved in water. Its amount varies 
considerably according to the temperature. At 15® C. a litre of water contains about 
as much CO3 as a litre of atmospheric air. The dissolved bicarbonates which 
dissociate into carbonates and CO3 also play an important part in the supply of 
carbon to aquatic plants. Artificially conducting carbonic acid through the water 
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or tlic addition of bicarbonates increases, to a certain degree, the evolution of 
oxygon, and the assiniilatory activity. 

An increase in the proportion of COg in the air, if it does not go 
too far, results in an increase in the assimilation. Thus by an 
artificial enrichment of the air in COg, a considerable increase of the 
agricultural crop would be obtained. There is no doubt that the 
beneficial effect of natural farm manure as compared with mineral 
manures is dependent in part on the continued active COg-production 
of the bacteria it contains ; these find the requisite organic food- 
materials in the soil, and the GOg they^ produce in respiration is 
given off to the atmosphere 

The COg assimilation, like all vital processes, is dependent on the 
temperature. It begins at a temperature a little above zero, reaches 
its maximum at about ST'" C., and again stops at about 45"' C. 

Tlicse cardinal points not only liavc different positions in different ])lants but 
do not rcniain constant for any particular ]dant. This is especially true of the 
optimum, which in the course of a few hours may sink from 37“ C. to 30 ’ C. In bright 
warm weather assimilation does not reach its full possible value, since the siipi)ly of 
carbon dioxide is then iiisuflicieiit. 

Other less important factors need not be considered in delaiJ. It may be 
mentioned, however, that many substances can bring about a temporary, or 
ultimately a permanent, limitation or arrest of the assimiUitory })rocess. 

Till recently it was assumed, on the ground of Blackman’s work, that among 
the numerous factors which arc simultaneously important in OOjj-assiniilatioii, 
there was always one, viz., the one present in least amount, which determined the 
amount of assimilation (law of the niiniinum) Recent investigations (*®) have, 
however, shown that sometimes an increase in the assimilation will result, both 
from increasing the intensity of the light and increasing the su})ply of carbon 
dioxide. Corresponding results have been obtained in the case of the nutrient 
salts, for which it was earlier held wdth Liebiu that the law of the minimum held. 

Products of the Assimilation of Carbon Dioxide. — It was assumed 
above that sugar was formed from the carbon dioxide, and analysis 
in fact shows that the amount of sugar in a foliage leaf is increased 
after exposure to sunlight. It is true that grape-sugar is neither 
always nor only shown to be present ; usually other more complex 
carbohydrates appear. These can all, however, be traced back to 
hexoses like grape-sugar, and ultimately starch arises by the union of 
two or more molecules of hexose and the loss of the elements of water 
[nCgHjgOg ~ (CeH^QOs)^ + ^HgO]. The occurrence of sUirch in the 
chloroplasts of illuminated foliage leaves is very common, but by no 
means general. When the leaves are placed in darkness for some time 
the starch disappears. When on the other hand a part of the plant 
from which the starch has been removed is exposed to sunlight, new 
starch grains (assimilation starch) often form in the chloroplasts 
in a surprisingly short time (5 minutes) ; these soon increase in size 
and ultimately exceed in amount the substance of the chloroplast itself. 
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Since starch is stained blue by iodine the commencement of assimila- 
tion can be readily demonstrated maeroscopically (Sachs’ method). 

Leaves which have been in the light have their green colour removed by means 
oT alcohol, and are treated with a solution of iodine ; they take on a blue colour. 
If the amount of starch is greater the colour is a deeper blue or almost black. The 
deptli of the coloration thus affords a certain amount of information as to the 
quantity of starch present. To demonstrate smaller amounts of starch the 
decolorised leaves arc placed, before staining with iodine, in a solution of potash or 
of chloral liydrate in order to swell the starch-grains. This method of demonstrat- 
ing assimilation can also be used to show that the starch only appears in the 

illuininated portions of the leaf. If a stencil of opaque material from whicli, for 
instance, the word “ Stiirko ” has been cut is laid on the leaf, the word “Starke ” 
will appear blue on a light ground, 
as in Fig. 245, when tlie leaf after 
being illuminated is treated with 
iodine. Instead of a stencil a 
suitable photograi)hic negative can 
be used, as M()L1S(U1 has shown ; 
after illumination and subsequent 
treatment with iodine a ])ositivc 
})hotograj)h is obtained (Fig. 

246). 


Fk;. ‘246.— The i)<)sitive pholoj;raph obtained by cover 
ing a leaf of TrojHUiolum whicli has biien freed of 
starch by the noj^ative and exposing it to the sun. 
After assimilation the leaf has been treated with 
iodine, (After Molisuh.) 

In some plants (many Monocotyledons) no starcli is formed in the cliloroplasts, 
but the products of assimilation pass in a dissolved state directly into the cell- 
sap. Starch is formed, however, where there is a surplus of the products of 
assimilation. The guard-cells of the stomata and the cells of the root-cap of these 
Monocotyledons also contain starch. In other cases only a fraction of the product 
of assimilation appears as starch (in llelianihuSf for example, only J), while the 
rest remains as sugar or is otherwise made use of. It is thus clear that the amount 
of starch formed cannot always be taken as a measure of the assimilation. 

Starch -formation can be induced to take place in the dark by lloating leaves on 
a sugar solution ot suitable concentration. This shows that ^he formation of starch 
does not stand in direct connection with the assimilation of carbon dioxide but is 
only the result of the accumulation of sugar in the cell. 

In some algae neither sugar nor starch but other products of assimilation are 
formed, e.g, Floridean starch. 

The Quantity of the Assimilated Material depends on the one 
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hand upon the kind of plant and on the other upon the external 
conditions to which it has been exposed. It can be said that a square 
metre of leaf of an actively assimilating plant under optimal external 
conditions produces between 0*5 and 1 gramme of dry substance per 
hour. When it is considered how many square metres of leaf- surface 
are daily assimilating, a conception can be formed of the huge produc- 
tion of organic substance in this largest of all chemical factories. 
SchrOder estimates the amount formed annually by land-plants 
as about 35 billion kg. The German harvest alone contained in 1912 
some 9 milliards kilos of assimilated material in the cereals (rye, 
wheat, spelt, barley). 

There are two methods (•‘^) in use for determining the amount of assimilation. 
Tlie method invented by Sachs is as follows. In the morning, jiortions of 
leaves, usually halves, are removed ; their superficial area is measured and they 
are then dried and weighed. In the evening, equally large portions (the remaining 
halves) of the leaves which have been exposed to light tlirougliout the day are 
similarly dried and weighed. The increase of weight indicates the gain to the 
plant by the assimilation of carbon. This is Sachs’ half-leaf method. A quite 
distinct method of quantitatively determining the assimilation of CCl, is that of 
kitEirsLEli. A loaf still attached to the plant is placed in a closed chamber 
through which a constant current of air 2)asses ; the amount of removed 

from the air by the leaf is determined. Tlie amount of sugar or starch which 
could be formed from this amount of CO2 can then be easily calculated. 


B, Assimilation of Nitrogen in the Green Plant 

Since a green plant obtains its carbon from carbon dioxide, which 
is only present in a very small proportion in the air, it might bo 
assumed that the enormous supply of nitrogen in the air would form 
the primary and the best source of this element of plant-food. 
Every water-culture, however, shows clearly that atmospheric nitrogen 
cannot be utilised by the typical green plant. If combined nitrogen 
is omitted from the nutrient solution the plant will not grow. 

In Knop’s food-solution nitrogen was supplied as a nitrate, 
and this form is most suitable for the higher plants. Nitrites can 
also serve as a source of nitrogen, but in too high concentrations 
are injurious. Compounds of ammonia, e,g. ammonium sulphate, 
ammonium chloride, so long as they are not injurious to the plant 
owing to an alkaline reaction, e.g, ammonium carbonate, can also be 
utilised. Organic compounds of nitrogen also, such as amino-acids, acid 
amines, amines, etc., will serve for food, though none of them lead to 
such good results as are obtained with nitrates. 

We are not nearly so well acquainted with the assimilation of 
nitric acid and of ammonia as we are with that of carbon dioxide. 
We do not know accurately the place in which the assimilation 
takes place, we know less of the contributory external conditions, 
and lastly, we a^re not clear as to the products of assimilation. 
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Ultimately, of course, albumin is formed, a far more coniplex substance 
than a carbohydrate, containing always, besides C, 11, and 0, some 
15-19 per cent of N, besides S and in some cases P. The methodical 
study of the products of the breaking down of albumin gives some 
insight into the structure of the protein molecule. This shows that 
in albumin a large number of amino-acids are combined with loss of 
water. Since Emil Fischer has obtained albuminous substances 
(polypeptides) by a union of amino-acids followed by polymerisation, 
it is probable that in the plant also such amino-acids are first 
formed and then unite further. If the simplest amino-acid, glycocoll, 
N Ho ' CH 2 * COOH (which, it is true, is not of wide occurrence in 
plants), is considered, it is evident that this can be derived from acetic 
acid CH 3 * COOH by replacing an atom of H with a NHg group (the 
amino group). Nitric acid, HNO 3 , must therefore be reduced when its 
nitrogen is to bo employed in the construction of protein. This reduction 
is independent both of sunlight and chlorophyll, so that nitric acid can 
bo assimilated in darkness and in colourless parts of the plant 
Indirectly, of course, chlorophyll and light are of .importance in the 
synthesis of proteins in so far as compounds containing carbon are 
recpiired, and these are formed in sunlight with the help of chlorophyll. 
On account of their rich supply of carbohydrates the foliage leaves 
are s])ecially fitted for the production of protein, but they are not 
“ organs of protein formation ” in the same degree as they are organs 
for the formation of carbohydrates. While in many plants (nitrate 
plants, ejf. Chniopodiam, Amarantus, Urtica) nitric acid can be recognised 
in the leaves, in most plants it appears to be transformed soon after 
its absorption by the root. 

We know as little of the steps in the assimilation of ammonia as 
of those of nitric acid. Since no preliminary reduction is required, 
ammonia might be regarded as more readily assimilable than nitric 
acid. When ammonia is found to be less favourable in a water- 
culture than nitrates, this may be due to certain subsidiary harmful 
effects of the former substance. 

The hypothetical intermediate products betw’’een the nitrogenous 
compounds absorbed and the completed proteids, i,e, various amino- 
acids and related substances, are present in all parts of the plant. 
Leucine, tyrosine, and asparagine are especially common. It can, 
however, rarely be determined whether these substances have been 
synthesised from ammonia or nitric acid or whether they have arisen 
by the breaking down of albumin (cf, p. 255) 

Nitrogen is present not only in proteins but in lecithins and in oeganic bases. 
The former are complex esters in which glycerine is combined with two molecules 
of fatty acid, one molecule of phosphoric acid, and the nitrogen-containing base, 
choline. They are never absent from living protoplasm. The majority of organic 
bases (alkaloids) are probably by-products of the assimilation of nitrogen and are 
not further utilised. 
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C , Assimilation of other Substances in Green Plants 

Sulphuric acid most nearly resembles nitrogen since it also is used 
ill the construction of proteins which contain about per cent 

of S. It is still uncertain where and under what conditions its 
assimilation occurs ; wo only know that a reduction must take place 
in the process. In some plants sulphur is combined in other 
substances besides proteins. 

Phosphoric acid is connected with sulphuric acid in so far as it 
is employed in the construction of at least some protein substances, 
(nucleo-albiimin) and especially of the nucleo-protein of the cell nuclei ; it 
forms from 0*3 to 3 per cent of this. In entering into the molecule of this 
substance the phosphoric acid, unlike sulphuric acid, is not reduced. 
Lecithin, which is present in all plants, also contains phosphorus, and 
this is also the case for phytin, which occurs especially in seeds. 

The Metals. — As may be shown by the method of water-culture, 
potassium, calcium, magnesium, and iron are just as essential as any 
of the substances hitherto mentioned. It is very probable, at least 
for poUissium and magnesium, that they take part in the construction 
of certain compounds that are essential for the existence of the plant. 
Possibly protoplasm contains these elements. Other substances also 
may contain them ; thus, for instance, a considerable amount of 
magnesium has been shown to exist in chlorophyll. It was formerly 
believed that chlorophyll contained iron because the chloroplasts 
remained yellow when iron was omitted from the food-solution 
(chlorosis, p. 212). It is now known that chlorophyll docs not contain 
iron and that iron is also necessary for plants that are not green. This 
supports the assumption that protoplasm itself contains iron, and that 
the chlorosis w^hich occurs when iron is wanting is a result of a 
diseased condition of the protoplasm. 

Since potassium, magnesium, and iron thus pass into the substance 
of the plant they must be assimilated, but we know nothing of how 
or where this happens. The case of calcium is somewhat different ; 
it is not invariably essential, for some algae can succeed without it. 
In other plants it has a protective function, preventing the poisonous 
effects which result from iron, magnesium, potassium, and sodium, and 
also from phosphoric acid, sulphuric acid, nitric acid, and hydrochloric 
acid, perhaps owing to their action on the colloids of the plant. 
Oxalic acid, which exerts a poisonous action on the protoplasm, is 
produced in the construction of amino-acids ; calcium neutralises this 
by transforming it into the insoluble and harmless calcium oxalate. 
It is, however, improbable that the indispensability of calcium in the 
case of the higher plants is merely due to this protective function. 

Water. — We know that water is essential to the plant. When it 
is taken into the plant as water without undergoing chemical change 
we do not speak of its “ assimilation.” This is the case, for example, 
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for the water which fills the vacuoles of cells or that which permeates 
the protoplasm and cell-wall. It is different where the water is 
chemically combined. This necessarily takes place when carbohydrates 
are formed from carbon dioxide, and probably in other cases also. 
In these cases there is the same justification for speaking of the 
assimilation of the water as of the assimilation of carbon dioxide. 


VI. Translocation and Transformation of Assimilates 
in Green Plants 

The assimilates serve primarily for the construction of new 
substance of the plant and the growth of new cells. They are also 
employed as reserve materials and as substances in course of trans- 
location, while some are used up in the metabolism and others in the 
production of excretions and secretions. 

It is only rarely, however, that growth takes place where the work 
of assimilation is effected. Thus the assimilation of carbon dioxide goes 
on mainly in fully-grown foliage leaves while the growing points are 
more or less distant from the leaves. The assimilatory activity and 
the formation of new organs also do not coincide in time. Many 
plants have periods of active assimilation when but little growth is 
taking place and, alternating with these, periods of active growth 
associated with little or no assimilatory activity. Our trees lose their 
leaves in autumn and herbaceous plants lose all the above-ground 
organs. In both cases new organs of assimilation must be formed in 
spring before assimilation can be resumed ; in the growth of these 
organs the plant utilises stored assimilates. Every germinating seed- 
ling also lives at first wholly at the expense of assimilates of a preced- 
ing generation. Such stored -up assimilates, mainly carbohydrates, 
fats, and proteids, are termed reserve materials. They may 
bo deposited where they are formed or may be carried to 
secondary places of deposit. Every foliage leaf which in the 
evening of a bright summer’s day is gorged with starch is an 
illustration of the first condition. The second is seen in seeds where 
reserve materials are stored in the endosperm or the cotyledons. It 
is also found in vegetative organs, which may even show by their form 
that they are places for storage of reserve materials ; examples of 
these are the swollen leaves of bulbs, swollen stems {e.g, potato), or 
swollen roots {t.g. turnip). In order that assimilates should reach 
these storage places they must be capable of translocation, and they 
have also to be conveyed through the plant when they are removed 
from the place of storage and employed in the development of new 
organs. Many reserve materials or assimilates occur in a solid form 
which does not allow them to pass from cell to cell ; starch is an 
example of this. Others are, it is true, soluble, but have such large 
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molecules that they only diffuse with difficulty. For these reasons 
reserve substances liave usually to undergo a change before they can 
be conveyed through the plant, 

A , Mobilisation of Reserve Materials 

In the mobilisation of reserve materials we have usually a not very 
profound change of the nature of a hydrolysis, /.<?. a splitting of the 
substance into smaller molecules with the absorption of water. 
This must be sejKirately considered for the three main types of 
reserve material, the carbohydrates, the fats, and the albuminous 
substances. 


1. Carbohydrates 

Starch is one of the most important reserve materials in 
plants. It not infrequently forms the main part of the reserve 
substance in seeds as well as in tubers and bulbs. In the potato 
tuber 25 per cent and in the grain of wheat 75 per cent of the 
fresh weight consists of starch. It is also present in considerable 
amounts in the pith, the xylem-parenchyma, the medullary rays, and 
the rind of trees. Starch is completely insoluble and has to be broken 
down in order to allow of its translocation. This is effected technically 
by treatment with acids ; the grape-sugar of commerce is obtained 
by treating potato-starch with sulphuric acid. The molecule of starch 
is split up into numerous molecules of dextrose according to the formula 

(C«H,„0,)„ + nH20 = «CeHi20«. 

In the plant this hydrolysis is effected not by means of acids but by 
a special substance called diastase. Diastase can be extracted from 
the organs by water or glycerine, precipitated by means of alcohol 
from the extract and again dissolved, without any essential change 
in its properties. On the other hand, diastase is rendered inactive 
by heating. 

Diastase has the same effect on starch as sulphuric acid has ; it 
does not break down the starch as completely but stops after forming 
the disaccharide malt sugar (maltose). Diastase and sulphuric acid 
both act as catalysts. The name catalysts is given to substances which 
influence the rapidity of a chemical reaction. We are mainly concerned 
with the acceleration of reactions. The usual method in the chemical 
laboratory of accelerating a reaction is the application of heat ; the 
fact that the life of the organism is confined to a narrow range of 
temperature limits this method. A second method is by the use of 
inorganic catalysts. Many of these, such as sulphuric acid mentioned 
above, injure the protoplasm ; it is thus easy to understand why the 
organism should form special catalysts that are not injurious. These 
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are termed enzymes and occur in both plants and animals. While 
many inorganic catalysts influence very various chemical processes, the 
influence of organic catalysts is usually quite specific ; thus diastase 
only acts on starch. Since the catiilyst either does not enter into the 
reaction or at least does not do so permanently, a small amount of it 
is able to hydrolyse a large quantity of the substance acted on, if 
the products of the reaction are continually removed. The chemical 
nature of diastase and other enzymes is still doubtful 

Diastase is found in many parts of the plant, especially in those 
which contain much starch, such as foliage leaves and germinating 
seeds. The amount of diastase in an organ is not constant, but is 
regulated according to the needs of the plant ; further, its action 
can be arrested by the formation of other enzymes (anti-enzymes). 
This is one of the many 
regulatory processes so charac- 
teristic of the organism. 

In the plant diastase acts 
on the starch-grains. These 
are corroded under its influ- 
ence; they are dissolved away 
from without inwards, but 
this proceeds as a rule irregu- 
larly, so that the shape of the 
grain changes. At particular 
spots the diastase eats more 
quickly into the grain and, 
using pre-existing splits and 
canals, breaks it up into 
smaller portions which then 

dissolve further (Fig. 247). Outside the plant the action 
diastase can best be shown on thin starch-paste (cf. p. 33) ; on 
adding diastase to this the characteristic iodine reaction is lost after 
a few minutes or a quarter of an hour. The blue colour given at first, 
changes to a wine-red tint, and ultimately a yellow colour is given. 

Cellulose is also of frequent occurrence as a reserve substance (^^). 
In the endosperm of many seeds the cell- walls arc very strongly thickened 
and the thickening layers, which consist of hemicelluloses, are dissolved 
in the process of germination. Such thickened walls are beautifully 
shown in many palm seeds, e.g. in the Vegetable Ivory Palm. The 
solution of the thickening is due to an enzyme, the so-called cytase, 
which, however, does not act on every variety of ccHulose. Typical 
cellulose (p. 35) is not attacked by it, but is acted on by another 
enzyme, cellulase. 

Inulin, which is found especially in Compositae and Campanulaceae, 
originates in the same way from fructose as starch does from maltose 
but is distinguished from starch by always occurring in plants in the 






Fifj. 247. — Difleront of tln! corrosion shown by 

the starch-grains of germinating Barley. (After Noll.) 


of 
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dissolved form. In spite of this it is incapable of translocation on 
account of the size of its molecule, and is broken down on germination 
by an enzyme (inulase) into fructose. 

Cane Sugar is stored in quantity as a reserve substance, for 
example in the sugar-cane and sugar-licet. It is converted by the 
widely-spread enzyme “invertase” or saccharase into equal parts of 
dextrose and levulose. 


2. The Fats 

Though we are unable to manufacture the reserve carbohydrates 
mentioned either from dextrose or levulose, we can understand that 
it is as easy for the plant to build them up as to break them 
down. It is much more difficult to understand in what way the 
plant is able to form fats (glycerol esters of various fatty acids ; 
cf. p. 28) from carbohydrates. Fats are always present in living 
protoplasm. They occur in relatively large amounts as reserve 
materials, but not in the assimilating foliage leaves. They occur 
in large amount in many ripe seeds, where they arc formed at 
the expense of carbohydrates. At germination they are decomposed 
by the enzyme lipase into fatty acids and glycerol. The fatty acid 
is capable of passing through the water-saturated cell-wall more readily 
than the fat, but does not usually travel as such for any considerable 
distance in the plant ; it is usually quickly converted into a carbo- 
hydrate 


3. Albuminous Substances 

Albumin occurs in the storage places for reserve materials partly 
dissolved and partly in a crystalline or an amorphous form. The 
crystals occur free in the cytoplasm, nucleus, or in the chromato- 
phores (cf. Fig. 27 B, kr ) ; in seeds they are found especially in the 
aleurone grains, where they are associated with globoids (cf. p. 29). 

The products of the hydrolytic breaking down of albuminous 
substances are mainly amino-acids, the wide distribution of which in 
the plant has already been referred to. When seeds rich in protein 
such as liicinuSf Finns, etc., are germinating, the abundant amino- 
acids may be regarded as derived from the protein. Amino-acids 
occurring in other situations may have arisen in the synthesis of 
proteins. The protein-molecule does not produce at once or ex- 
clusively amino-acids ; the breaking down of the verj" large molecule 
is a gradual one, in which the bodies which appear first have many 
properties in common with proteins; first comes albumose, then 
peptone, and only then amino-acids. With the latter appear ammonia, 
also products of decomposition containing sulphur and phosphorus, 
and generally carbohydrates also. 

This hydrolytic breaking down of proteins takes place under the 
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influence of “proteolytic” enzymes (proteases) which very probably 
are closely similar to corresponding enzymes in the animal body. We 
should therefore have to distinguish : 

1. Pepsin, which only bi’eaks down the protein molecule to 
albumoses and peptone. 

2. Erepsin, which transforms peptone into amino-acids. 

3. Trypsin, which transforms proteins directly into arnino-acids. 

4. Amidaso, which splits ammonia from amino-acids. 

The decomposition products of albumin quickly undergo clianges in the plant, 
and therefore the mixture of nitrogenous organic compounds which one obtains 
from a plant kept in the dark is not identical witli the products of the hydrolysis 
of albumin outside the plant. In the plant syntheses take place after the primary 
decomposition, and these lead to the formation of such substances as amides, the 
most widely spread of which is asparagine. This dominates in Gramineae and 
Leguniinosae (15 g. are present in a litre of sap from bean seedlings) ; it is 
replaced in Cruciferao and Cucurbitaceae by glutamin, while in the Coni ferae 
a di-araiuo-acid (arginin) appears to play the same part. Such syntheses 
mainly serve to avoid the presence of poisonous ammonia (''*^). The formation of 
amides in jdants thus corresponds to a certain extent with that of urea in animals. 
Asparagine and urea both represent ammonia in a non-poisonoiis form. The animal 
which readily obtains nitrogen in its food without expenditure of energy can afford 
to continually excrete it. On the other hand the }»lant which only assimilates 
nitrogen with dilliculty preserves the asparagine for future use. The syntheses 
proceed still farther in light, when protein may again be formed from the products 
of decomposition of albumin. 


B , Transport of the Mobilised Keservk Materials 

When the reserve materials have been brought by tlie aid of the 
proper enzymes into the soluble form, or have been transformed into 
substances with smaller molecules, they are capable of being 
transported; we may speak of them as being mobilised. Their 
movements are governed by the general principles of translocation of 
substances. It is especially necessary that a diffusion current should 
be established and maintained. This may be brought about by the 
active growth of cells at a greater or less distance from the place of 
storage of the reserve material. As long as this lasts each mole- 
cule on its arrival at the place of growth is promptly transformed {e.g. 
sugar into cellulose), and thus room is made for the molecules that 
follow. In non- growing organs also {e,g, cotyledons, endosperm) a 
gradient of diffusion is established by the cells to which the current 
passes having a greater power of condensing the sugar (forming 
starch) than the others. A diffusion current can also be artificially 
established where a storage structure under proper conditions is 
placed in relation on one side with a large amount of water. It is thus 
possible to bring about artificially an emptying of seeds, bulbs, etc. 

All movements of diffusion proceed slowly. For example, a milli- 
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gramme of Na Cl requires at least a year in order to diffuse from a 10 
per cent solution to a distance of 1 metre. The same amount of cane 
sugar would take 2i years, and other substances diffuse still more 
slowly. Thus, when substances have to be transported for considerable 
distances, the movement of diffusion, since it goes on so slowly, is 
replaced by movement in mass. In spring the reserve materials 
deposited in the wood of our trees are carried up by the ascending 
current of water in the vessels ; at this season the fluid in the vessels 
contains abundant glucose. In the other direction a stream of mobilised 
reserve material can pass downwards from the foliage leaves by way 
of the sieve-tubes. While, however, the mechanical causes of the 
transpiration stream are at least partially understood, so far as they 
depend upon the evaporation of water, we do not know the forces 
concerned in movements in mass in the sic\ e>tubes 

Another example of translocation is afforded by leaves before they are shed. 
Shortly before the leaf-fail the leaves turn yellow ; while the green pigments of the 
chlorophyll are dissolved and carried away, the yellow pigments remain in the 
chloroplasts. In many but not all cases the useful materials in the leaf are trans- 
ferred to the stem and thus are not lost to the plant. Phosphoric acid, potassium, 
and nitrogenous substances are thus transferred to the stem, but the cell-walls, a 
protoplasmic layer, and oamotically-active substances in the vacuole remain so that 
the leaf falls in a turgescent condition 


C. Further Metamorphoses of Substance 

Regeneration of Reserve Materials. — Sooner or later the reserve 
materials mobilised by the help of enzymes are again converted into 
substances with large molecules. This occurs at any rate at the end 
of their transport, whether they are again deposited as reserve 
materials or are employed as constructive substances. Thus, for 
example, glucose formed in a leaf may pass to a seed or a tuber and 
be there transformed into starch or cell- wall. When the transport 
is for a considerable distance the formation of reserve material may 
go on by the way and not only at the end of the journey. This is 
specially well seen in the case of starch. Along the routes of sugar- 
transport so-called transitory starch may be formed in every cell. 
This starch-formation diminishes the concentration of the solution, 
and thus helps to maintain the continued motion of the diffusion 
current 

Other Products of Metabolism (^^). — Only a small proportion of 
the substances met with in plants have been enumerated above. It 
will be sufficient to mention here the organic acids, tannins, glucosides, 
alkaloids, colouring matters, ethereal oils, resins, gum-resins, caoutchouc 
and gutta-percha among the legion of substances which are derived 
from the products of assimilation. The organic acids will be referred 
to later (p. 266); the origin and physiological significance of the 
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others are too little known for them to be dealt with. It is known 
that as a rule they are not further utilised after their formation. They 
are probably, therefore, by-products and end-products of the metabolism 
of the plant. 

They need not, however, for this reason be useless, and it is believed that some 
bitter or poisonous substances protect the plant from being eaten by animals ; some 
pigments are of use in the attraction of animals which distribute pollen, seeds, and 
fruits, or frighten away injurious animals (warning colours). Resin and latex 
when they exude and harden may assist in the closing of wounds. 

The Ripening of Succulent Fruits.—- A striking transformation of substances 
takes place in the ripening of succulent fruits. The change of starch into sugar 
associated wdth the disappearance of organic acids and tannins is of frequent 
occurrence. The fruits thus become sweet-tasted instead of acid or bitter, and 
are eaten by animals which distribute the seeds. The significance of these 
cliemical changes is thus ecological. 


VIL Heterotpophic Nutrition 

The considerations in the preceding pages have had reference to 
the green plant, which forms the organic substances required for its 
construction and metabolism from purely inorganic materials. Such 
plants are termed autotrophic. In contrast to them are those plants 
which require organic nutrient materials and are therefore dependent 
in their nutrition on the activity of other organisms (cf. pp. 156, 178) ; 
these are termed heterotrophic plants. 

The metabolism of heterotrophic plants is in general respects not 
Essentially different from that of autotrophic plants. This is evident 
when it is considered that many of the cells of the latter have 
“heterotrophic’’ nutrition. The entire root-system in the soil, for 
instance, is unable to construct carbohydrates but must obtain them 
from the green subaerial portions of the plant. It is indeed only the 
green parts of the above-ground organs which can assimilate the 
carbon dioxide of the air, and the colourless portions are dependent 
on them. When a plant as a whole has assumed a heterotrophic mode 
of nutrition, this implies a loss of certain nutritive functions but not a 
new kind of metabolism. It has been pointed out in the morphological 
section (p. 178) how these functional changes find expression in the 
external form of heterotrophic plants. 

Heterotrophic plants are distinguished as saprophytes and parasites 
according to the source of their organic nutrient materials. The former 
live on dead organic material, while parasites obtain their food from 
living organisms. 

Saprophytes. — The demands which heterotrophic plants make on 
sources of carbon and niti’Ogen can be best studied in saprophytic 
bacteria and fungi. These organisms can be cultivated on various 
complex substrata, and conclusions can be drawn from their growth as 
to the nutritive value of the compounds supplied as food. In order 
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first to ascertain the sources of carbon the nutrient solution must 
contain, in addition to the indispensable mineral substances, a 
source of nitrogen, usually ammonium nitrate ; to this various sources 
of carbon can be added. It should have a slightly acid reaction for 
mould fungi and be weakly alkaline or neutral for bacteria; such cultures 
show that sugars are very good food-materials. The sugar can, in 
many cases, be more or less suitably replaced by other organic substances 
such as other carbohydrates, certain alcohols, fats, albumin and derived 
substances, organic acids, etc. While these sources of carbon can 
be placed in order as regards their nutritive value for any particular 
organism, this cannot be done generally ; there are many saprophytes 
which are adapted to quite peculiar conditions and use in preference, 
as a source of their carbon supply, compounds which for the majority 
of other plants have scarcely any nutritive value {e.g. formic acid, 
carbonic acid, oxalic acid). 

Even the saprophytes which succeed on very various compounds of carbon 
(omnivorous saprophytes) are capable of distinguishing between them. Thus from 
ordinary tartaric acid Penicillium only utilises the dextro-rotatory form, and certain 
bacteria oiily the laevo-rotatory form. Aspergillus growing in a mixture of glucose 
and glycerol utilises the former first (** selection ” of nutritive materials). If the 
glycerol alone is given, it is comi)letely utilised. 

As regards the nitrogenous food supply the facts are not so clear 
as for the carbon compounds. Culture experiments have shown that 
some saprophytes prefer this in the form of nitric acid; as a rule, 
however, ammonium salts afibrd the best inorganic source of nitrogen. 
It is often stated that some fungi will not succeed with such relatively 
simple nitrogenous compound.s, or at least that they construct the 
nitrogenous substances of their bodies with greater ease and certainty 
from organic compounds of nitrogen. Since, however, there are many 
sources of error in such investigations that have to be considered, the 
whole question requires re-examination (^®). 

Most heterotrophic plants have cells limited by firm walls, and can 
only absorb substances in solution. Since these are only rarely 
available for them under natural conditions the power which many of 
these plants possess of excreting enzymes which can render solid food- 
materials soluble, is of great importance. If, for example, a mould- 
fungus is grown on starch-paste it will excrete diastase, which acts on 
the starch outside the cell and converts it into sugar which can then 
be absorbed. 

The various fungi and bacteria have quite specific enzymes. Most of them 
cannot attack the resistant cellulose, but certain bacteria can secrete enzymes which 
break it down and so can use cellulose as their most appropriate food-material. 

Such requirements explain many of the far-reaching decompositions 
which various organic substances undergo in the decompositions and 
putrefactions brought about by saprophytes. These generally distrir 



DIV. II 


PHYSIOLOGY 


259 


buted biochemical processes can be regarded as digestive processes, 
corresponding to those that take place in the intestines of animals. 

Parasites. — Phanerogamic plants such as Raffleda and Cascufa 
which have been described on pp. 178 if', are completely heterotrophic. 
In their metabolism they behave as do the colourless cells and tissues 
of their host-plants ; they obtain organic compounds from the leaves 
of the host and also derive their nutrient salts from the roots of the 
latter. 

The heterotrophy is not always, as in these cases, complete. Fre- 
quently it applies to only one of the two main syntheses in metabolism. 
Thus some heterotrophic Phanerogams can construct their organic 
carbon-compounds in the normal fashion from carbon dioxide, while 
they are heterotrophic as regards their nitrogenous requirements. The 
converse case is frequently met with. 

There are certain micro-organisms which are strikingly autotrophic 
as regards nitrogen, while they are heterotrophic as regards their 
carbon assimilation. These organisms are able to utilise the nitrogen 
of the atmosphere. Their existence was first established at the end of 
last century by the work especially of Winogradsky, Hellriegel, and 
WiLFARTH (^•’). 

In the first place there are certain Bacteria, such as Clostridium 
Pasteurianum and related forms and Azotohacter chroococcum^ which live 
independently in cultivated soil and in water under very various 
external conditions. They fix free nitrogen and thus possess a 
very important power both for their own success and for that 
of many other organisms ; this property is of the greatest importance 
in agriculture. An increasing number of the lower Fungi have been 
shown by recent researches to have the same power though in less 
degree. In addition to these free-living forms there are micro-organisms 
which occur within higher plants and have the same property. The 
best investigated among these are the various forms of Bacillus radickola^ 
which infest the roots of Leguminosae and frequently give rise to 
enormous numbers of gall-like tubercles upon them (Figs. 248, 249). 
This appears to be a case of mutualistic parasitism, a living together 
of organisms to their mutual benefit, such as was termed by De Bary 
symbiosis. The Leguminosae thus appear to differ from all other 
green plants in their mode of accumulating nitrogen ; this was 
first established by Gilbert and Lawes in England and Schultz- 
Lupitz in Germany. 

The rod -shaped bacteria penetrate through the root-hairs into the cortex of the 
roots, and there give rise to the tubercles. These tubercles become filled with 
a bacterial mass, consisting principally of swollen and abnormally-developed 
(hypertrophied) baotbrioids, but in part also of bacteria which have remained 
in their normal condition. While the bacteria live on carbohydrates and at first 
also on albuminous substances supplied by the host plant, the latter profits by 
the power of fixing free nitrogen possessed by the bacterioids. The bacterioids 
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furnish a steady supply of combined nitrogenous substance to the leguminous 
plant. It has been calculated that Lupins are able in this way to obtain 200 kg. 
of nitrogen per hectai*e. The agricultural importance of this natural fixation of 
nitrogen will be evident. It 
has been attempted to 
further it by infecting fields 
with soil rich in the bacteria 
or with pure cultures of 
specially active forms. A 
marked increase in the crop 



Fio. 248.— A root of Vida Faha^ 
with nutnerous root -tubercles. 
(Beduced. After Noll.) 
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Fio. 249.— I, Young tubercles {K) on a root (fV) of Vioia Foba ; 
B, large-celled tissue filled with masses of bacteria ; 3f, the 
“meristera" of this ; 7’, trachcides. (x 60.) S, A cell of 
the tubercle filled with thousands of bacteria, and beside 
it some uninfected cells, (x 320.) S, An infected root- 
haircontaining the “infection thread." (x 820.) 4, Bacteri- 
oids. /), Unaltered bacteria, (x 1200. After Noll.) 


of Serradella is obtained in this way. If the soil in which a leguminous plant is 
grown contains a sufficiency of nitrates, the plants may live at their expense ; since 
the presence of nitrates exerts an injurious influence on Bacillus radicicola^ 
practically no nodules are formed under such circumstances. 

Root-nodules are regularly produced, owing to infection by lower organisms, in 
AlnikS, Elatagnus and Casuarina, Elaeagnus and Alnus are able to assimilate the 
free nitrogen of the atmosphere when their roots are thus provided with nodules. 
Podoearpus has the same power, but in this case there is an association of a fungus 
with the root, a mycorrhiza (®^). 
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A MYOOBRHizA is met with in many plants, especially those that live in woods 
and heaths. The two extreme forms, between which intermediates exist, are termed 



Fig. 250.— 1. Longitudinal Boctiou through the root* tip of Pinxia sylvestriSy with ectotrophic 
mycorrhiza (magnified). 2. Part of Fig. 1, more highly magnified, showing hyphae from the 
external covering of fungus penetrating between the cells of the root. 8. Longitudinal section of 
the root«tip of Neottia. The three layers of cells with dark contents are those inhabited by fungal 
h 3 rpha 6 (endotrophic mycorrhiza) (magnified). 4. Part of Fig. 8 more highly magnified, showing 
details of the fungus. The middle layer inhabited by fungus consists of host cells in which the 
fUngus survives ; in the outer and inner layers the fungus is digested. (After Wbrnee Magnus, 
from Knv, Wandtafeln). 


ECTOTROPHIC and ENDOTROPHIC mycorrbiza. In the former (Fig. 260, 1, 2) the root 
has a covering of fungal hyphae which extends over the growing point ; this occurs 
in many trees and in Monotropa, The fungus in the case of endotrophic mycorrhiza 
(Fig. 250, 3, 4} inhabits the cells of certain layers of the root, and only sends out 
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isolated hyphae into the soil (Orchidaceae, Ericaceae, many Liliaceae). The fungus 
of endotrophic mycorrhiza is in part digested by the cells of the root, and the 
materials thus obtained from it are available for the host plant. Though it is not 
established with certainty that the fungus can fix free nitrogen, the endotrophic 
mycorrhiza is to a certain extent explained. It is also known to be in some cases 
indispensable ; thus, when the fungus is wanting, germination frequently does not 
take place in Orchidaceae, and in Ericaceae the further development of the seedling 
is arrested. The relations between the plant and ectotrophic mycorrhiza are not 
so clear ; there are several unconnected explanations. According to one the fungus 
is a pure, harmful parasite, while according to another the flowering plant is 
parasitic on the fungus. A third view assumes a true symbiosis between the two 
organisms, and represents, following Stahl, the connection between the two in 
the following way. The fungus absorbs nutrient salts energetically from the soil 
and supplies the autotrophic plant with them ; in return this supplies the fungus 
with organic food. Since, however, an ectotrophic mycorrhiza occurs in certain 
colourless Phanerogams {e.g, Monotropa)^ there must, in these cases at least, be a 
parasitism of the flowering plant on the fungus. The same holds for the non* 
green Orchids that contain endotrophic mycorrhiza {Ncottia, Coralliorhiza^ Epi’ 
pogon) ; these plants are not living saprophytically on the humus, but are evidently 
dependent on the mycorrhiza fungus for their nutrition. 

The communal life of Algae and Fungi which is found in the case of Lichens 
evidently comes under the third of the explanations suggested for ectotropic 
mycorrhiza (®*). 

More recently, swellings which are due to infection by bacteria have been dis- 
covered in the leaves of tropical plants belonging to the Rubiaccae and Myrsinaceae. 
While, however, in the case of the Leguminosae the infection always depends on 
accidental meeting of the bacteria and the flowering plant, in these families the 
bacteria are present in the embryo of the plant. When they are artificially kept 
from tlie egg-cell the development of Ardisia is abnormal. It is established, 
at least in the case of the Rublaceae, that an assimilation of free nitrogen takes 
place (®). 

Semi-parasites. — The last-mentioned heterotrophic plants lead to 
the consideration of others which, while possessing green leaves 
rendering them capable of active assimilation, have special organs 
to obtain nitrogenous organic materials Our native Mistletoe, 
which lives on trees, and many exotic Loranthaceae, have well- 
developed leaves so abundantly provided with chlorophyll that they 
suflSce to supply all the carbohydrates needed ; these plants, how- 
ever, obtain water and nutrient salts from the host plant. In corre- 
spondence with this their root-system is reduced. 

Other plants can only develop normally when their root-system is connected to 
that of other plants by means of haustoria. This is the way in which TheHum 
(Santalaceae) and many Rhinanthaceae live. It is not yet known in what form 
they obtain their nutrient salts from the host-plant. 

Insectivorous Plants. — The so-called insectivorous or carni- 
vorous PLANTS must be referred to here (cf. p. 175 f). These are 
plants provided with arrangements for the capture and retention of 
small animals, especially insects, and for the subsequent solution, 
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digestion, and absorption of the captured animals by means of enzymes. 
All these insectivorous plants are provided with chlorophyll ; the 
explanation of their peculiar mode of life can hardly be to obtain 
organic compounds of carbon. It is further known that they can 
succeed without animal food, but the moderate supply of an animal 
substapce has a distinctly beneficial effect, manifested in increased 
production of fruits and seeds. It is very probable, though by no 
means established, that the carnivorous habit is a means of obtaining 
nitrogen. Whether the nitrogen in the peat or water in which in- 
sectivorous plants often grow is insufficient in quantity, or whether 
its quality is not optimal, must be left undetermined. It is doubtless 
possible that organically -combined nitrogen is specially advantageous 
to these plants. This does not exclude the possibility that the insecti- 
vorous habit is related not only to the supply of nitrogen, but to 
that of other nutrient salts, especially of potassium and phosphoric 
acid. Whether these salts are utilised in organic combinations or are 
transformed in the digestive process to the inorganic form is unknown. 
In the latter case the use of the insectivorous habit would have to 
be sought in the provision of a larger supply of nutrient salts than is 
afforded by the soil. 

The insectivorous plants strike the ordinary observer as deviating 
from ordinary plants in the direction of the animal kingdom. Like 
animals they utilise solid food which has to be rendered fluid by 
enzymes before it is absorbed into the cells. The similarity between 
animals and these plants appears to be increased by a comparison with 
the stomach of the pitchers, etc., of some insectivorous plants. It 
should be recognised, however, that some Fungi and Bacteria stand 
physiologically closer to animals. They can obtain all their food by 
the digestion of solid organic material, while the insectivorous plants 
are autotrophic, at least as regards their supply of carbon. 

VIIL Respiration and Fermentation 

In the higher plants all the organic substance produced in 
assimilation is not used for purposes of construction and storage; 
a part of it is always broken down and returns to the state of 
inorganic compounds. Along with assimilation there is always DIS- 
SIMILATION. The significance of this process, which is usually associated 
with the absorption of oxygen and is termed respiration, does not lie 
in the substances formed but in the liberation of energy which is 
essential for the life of the plant. In certain lower plants the neces- 
sary supply of free energy may sometimes be obtained in other ways ; 
usually organic substances are absorbed from the substratum and 
broken down without being first assimilated. The decomposition 
may be effected by oxidation, reduction, or dissociation ; all these pro- 
cesses are grouped together as fermentation. Other lower organisms 
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can utilise the energy set free in the oxidation of certain inorganic 
compounds. Transitional forms occur between the various methods 
of obtaining the necessary energy. 

A, Respiration 

By respiration in its typical form is understood the oxidation of 
organic material to carbon dioxide and water; this involves the 
absorption of oxygen from without (cf. p. 237). 

In the higher animals the process of respiration is so evident as 
not easily to escape notice, but the fact that plants breathe is not at 
once so apparent. Just as the method of the nutrition of green plants 
was only discovered by experiment, so it also required carefully- 
conducted experimental investigation to demonstrate that plants 
ALSO MUST BREATHE IN ORDER TO LIVE; that, like animals, they 
take up oxygen and give off carbonic acid. The question had already 
been thoroughly investigated by Saussure, and by Dutrochet in 
the years 1822 to 1837, and its essential features correctly interpreted. 
Later the existence of respiration in plants was dou])ted, owing to 
the demonstration of their power of decomposing carbon dioxide and 
giving off oxygen ; it seemed impossible that both processes could go 
on at the same time. The correct view was then formulated by 
Sachs. Assimilation and respiration are two distinct vital 

PROCESSES CARRIED ON INDEPENDENTLY BY PLANTS. WHILE IN THE 
PROCESS OF ASSIMILATION GREEN PLANTS ALONE, AND ONLY IN THE 
LIGHT, DECOMPOSE CARBONIC ACID AND GIVE OFF OXYGEN, ALL PLANT 
ORGANS, WITHOUT EXCEPTION, BOTH BY DAY AND BY NIGHT, TAKE UP 
OXYGEN AND GIVE OFF CARBONIC ACID. Organic substance, obtained 
by assimilation, is in turn lost by respiration. That green plants 
growing in the light accumulate a considerable surplus of organic 
substance is due to the fact that the daily production of material by 
the assimilatory activity of the green portions is greater than the 
constant loss which is caused by the respiration of all the organs. 
Thus, according to Boussingault's estimates, a plant of Sweet Bay 
in the course of one hour's assimilation will produce material 
sufficient to cover thirty hours' respiration. If assimilation is sup- 
pressed by keeping the plant in darkness, it loses considerably in 
dry weight. 

Plants produce in twenty-four hours about five to ten times their own volume 
of carbonic acid. In shade-plants this is usually reduced to twice the plant's 
volume, while the commonly-cultivated Aspidistra produces only one-half of its 
own volume, and can therefore succeed oven under conditions of dim light which 
are unfavourable to assimilation. 

In order to demonstrate the existence of respiration either the 
absorption of oxygen or the giving off of carbon dioxide by the plant 
may be employ^. If a handful of soaked aeeds is placed at the 
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bottom of a glass cylinder, the top of which is closed for a day By a 
glass plate, the oxygen in the space is used up by the germinating seeds; 
a candle will be extinguished if it is introduced into the cylinder. If 
germinating seeds, or flower- heads of Compositae (B, Fig. 251) or 
young mushrooms are placed in a flask and prevented from falling 
out when the flask is inverted 


by means of a plug of cotton- 
wool (W), the mouth of the 
flask can be dipped under 
mercury (S) and some solution 
of caustic potash (K) be intro- 
duced above this. The carbon 
dioxide formed is then absorbed 
by the caustic potash and the 
mercury rises (Fig. 251). When 
this experiment is carried out 
quantitatively it is found that 
a fifth of the volume of air 
disappears, so that all the 
oxygen has been absorbed. 
Since, however, when no potash 
is present, the volume of gas is 
not altered by the respiration 
of the plants, an equal volume 
of carbon dioxide must be 
formed for each volume of 
oxygen that is absorbed. The 
respiratory coeflicient, or ratio 
between the absorbed oxygen 
and the excreted carbon dioxide, 

is equal to unity 1 If 

we assume that a hexose is the 
substance respired, this must 
take place according to the 
formula 



Fio. 251.— Experiment to demonstrate respiration’. 
The inverted flask (B) is partially filled with 
flowers which are held in place by the plug of 
cotton (W). Owing to the absorption of the 
carbon dioxide exhaled in respiration by the 


CgHijOg + 602= 6CO2 + 6H2O 

+ 674,000 gramme calories. 


solution of caustic potash (X), the mercury (Q) 
rises in the neck of the flask. (After Noll.) 


The gain in energy is thus very considerable. In this process, which 
is exactly opposite to the assimilation of carbon dioxide, it is not so 
easy to demonstrate the formation of water as it ‘s to show the 
utilisation of oxygen and the production of carbon dioxide. Quantita- 
tive estimates of the loss of dry weight and of the carbon dioxide 
formed show that the latter does not account completely for the 
former ; a part of the dry substance must thus have been transformed 
into water since no gases other than CO^ are produced. 
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The volume of air does not under all circumstances remain 
unchanged by the respiration of the plant ; the carbon dioxide pro- 
duced is not always equal in volume to the oxygen which disappears. 
Small deviations from this ratio occur in all plants, and considerable 
ones in, for instance, the germination of fatty seeds, and in the leaves 
of certain succulent plants (Crassulaceae). This is connected with 
the fact that in these seeds fats, which are much poorer in oxygen 
than carbohydrates, are used in respiration ; and that in the 
Crassulaceae certain organic acids are produced from carbohydrates, 
instead of carbon dioxide and water. In other plants also similar 
acids, though not in so great amount, are formed. They probably 
arise mainly in the respiratory process, but may also be produced in 
constructive metabolism. Oxalic acid, the wide distribution of which 
as calcium oxalate is well known, must particularly be mentioned. Its 
production is proportional to its neutralisation by calcium ; if this 
does not take place its production is diminished. Even in plants that 
do not contain calcium oxalate, there is a production of oxalic acid 
which is then rapidly oxidised further. 

In the germination of fatty seeds far more oxygen is absorbed than carbon 
dioxide is given off ; this may go so far that in the first days in the dark, in spite 
of continual respiration, an increase in the dry weight takes place. The respiratory 
quotient is thus loss than 1. Most of the oxygen is used in the transformation of 
fats, which are poor in oxygen, into carbohydrates, and only a small proportion 
is used in respiration. 

In the Crassulaceae a large proportion of the carbohydrate is changed into 
organic acids in the process of respiration. The oxidation is thus incomplete ; 
it does not lead to the formation of COj, so that less of this gas is formed than the 
amount of oxygen absorbed w^ould lead us to expect. The respiratory quotient is 
less than 1. This peculiar respiratory juocess which is connected with an accumu- 
lation of acids in the cell-sap, as can be recognised by the taste, is of great 
ecological significance for succulent plants. The acids formed (especially malic and 
oxalic acids) give off CO 2 in the light. This can be again employed in assimilation, 
while, in typical respiration at least, the CO 2 formed during the night escapes, and 
is lost to the plant. The succulents thus economise their supply of C, which is 
probably connected with the fact that they do not so readily obtain carbon dioxide 
from the air as other plants, owing to the diminution of gaseous exchange on account 
of the limitation of transpiration (®®). 

As has been mentioned, respiration is of general occurrence 
in the higher plants. It not only occurs in the parts of plants which 
do not possess chlorophyll and are commonly used in experiments 
on respiration, but can be demonstrated also in cells which contain 
chlorophyll. In this case the respiration in the light is masked by 
the quantitatively greater process of assimilation ; it appears only as a 
diminution in the products of assimilation. If the light is diminished 
assimilation ultimately ceases and the respiration becomes evident. 

Though respiration goes on in every living cell its intensity varies 
greatly in different organs and under various external conditions. 
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Actively-growing parts of plants, young fungi, germinating seeds, flower- 
buds, and especially the inflorescences of Araceae and Palms, exhibit 
very active respiration. In some bacteria and fungi this exceeds, as 
compared with the body- weight, the respiration of the human body. 
In most cases, however, especially in parts of plants composed wholly 
or mainly of full-grown tissues, the consumption of oxygen and 
production of carbon dioxide is considerably less than in warm-blooded 
animals. Among external conditions which have an important 
influence on the intensity of respiration the temperature and the 
amount of oxygen must be especially mentioned. An increase of 
temperature accelerates respiration as it does all the vital processes. 
The production of carbon dioxide is about doubled or trebled by a 
rise of 10'' C., just as other chemical processes outside the plant 
are. With continued rise of temperature, however, the respiration 
diminishes. In contrast to other like phenomena the fall in the 
respiratory curve is exceedingly steep, so that the optimum and 
maximum almost coincide. 

Respiration is commonly spoken of as a process of combustion. 
Were this correct it might be expected that the amount of available 
oxygen would be of fundamental importance; in particular it 
might bo anticipated that respiration would be greatly increased in 
pure oxygen and completely suspended in a space free from oxygen. 
Neither of these assumptions is true. Respiration is not markedly 
increased in pure oxygen, and only at a pressure of 2-3 atmospheres 
of oxygen does an increase in the respiration become perceptible ; 
this is soon succeeded by a decrease in the respiration indicating the 
approach of death. Even more striking is the fact that plants in the 
absence of oxygen continue to produce carbon dioxide. In this case 
one cannot speak of a process of combustion ; the phenomenon is termed 
INTRAMOLECULAR RESPIRATION because the carbon dioxide which is 
formed owes its origin to a rearrangement of the atoms in the molecule 
of the sugar which serves as the material for respiration. The molecule 
of sugar breaks down and forms, in addition to carbon dioxide, other 
reduced compounds, sometimes, for example, alcohol according to the 
formula 

C^HjgOg = 2 C 2 HgO + 2 CO 2 + 28,000 gramme calories. 

If this empirical formula is replaced by the structural formula 

COH . CHOH . CHOH . CHOH . CHOH . ClIfiR 
= CO2 + CH3 . CHgOH + CH3CH2OH + CO2, 

it will be seen that the molecule of sugar has broken down into- four 
portions, two of which are poorer and two richer in oxygen than the 
molecular groups from which they are derived. In this type of 
respiration certain molecular groups withdraw the combined oxygen 
from others. The above equation further shows that the gmn in 
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energy per gramme molecule of utilised glucose is much less in intra- 
molecular than in ordinary respiration; 28,000 gramme calories as 
compared with 674,000. 

It may be assumed that oxygen -respiration and intramolecular 
respiration are expressions of one and the same property of the plant ; 
in other words, that on withdrawal of oxygen normal respiration passes 
over into intramolecular respiration. If this is true, it follows that the 
essence of respiration does not consist in an oxidation process but in a 
breaking down of organic substance in which products arise that readily 
take up oxygen. The materials which are respired in the plant, such as 
carbohydrates and protein, are not easily oxidisable at ordinary tempera- 
tures. Fats, it is true, which may also serve as material for respiration, 
are oxidisable, but in this case we know that they are transformed 
into carbohydrates before they are used for respiration by the plant. 
The plant must thus have at its disposal special means in order to 
carry on the oxidation of the substances that are involved in respiration. 

In recent years two well-founded conceptions of the chemistry of respiration 
have been developed by Wieland and Warhijrg (**). It can now be assumed 
that the primary process in the combustion of the material of respiration does not 
consist in an activation of oxygen in the sense of the formation of ozone or hydrogen 
peroxide. Were this so, numerous substances in the cell would be oxidised by Og 
or H.2O.2 and there could not be a selective combustion, easily oxidisable substances 
being avoided and those more difficult of oxidation attacked. 

According to Wiklanj) the primary process in respiration consists in an 
introduction of water into the respiratory material, sugar. Following on this an 
oxidation, determined by enzymes, and progressing by a number of stages, takes 
place ; this takes the form of a withdrawal of hydrogen and a simultaneous 
setting free of COg. Wieland was able to show tliat glucose in the presence of 
the catalyst, palladium black, at ordinary temperatures gives off H and COg if 
oxygen is excluded. The hydrogen is absorbed by the palladium black so that the 
process becomes weaker as the palladium becomes saturated with hydrogen ; it 
proceeds, however, in the presence of an acceptor of hydrogen. In the absence of 
air, methylene blue will act in this way, forming a colourless compound ; on access 
of air the oxygen takes on this rOle and water is formed. 

In higher plants the place of the palladium-black is taken by certain enzymes 
which transfer the hydrogen of the addition-compound of the sugar and water 
to readily reducible substances. These H-acceptors have been named respiratory 
pigments by Palladin. From the respiratory pigments the hydrogen is then trans- 
ferred by the action of the so-called oxidases to the atmospheric oxygen, and as 
a result water is produced. Thus the oxidases, which are also enzymes, do not 
convey the atmospheric air to the sugar but to the hydrogen which has been 
liberated from the sugar in the manner described above. The general presence of 
oxidases in plants has been demonstrated. 

The following outline scheme represents the respiration of sugar. 

1 . CflHigOs + 6H2O = 6COa + 24 H 

2 . 24H -f eOg = 6 H 2 O + 6 H 2 O 
CgHaOe -H 60a = ^OOg + 6HaO 

If free oxygen is wanting the reaction must take another course. Either, as in 
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some fernjetitations (p. 270), the hydrogen will be given off as such, or it will be 
used in the formation of less highly oxidised products of combustion, c.g. alcohol. 
In all probability tliere will first arise in the respiration of the sugar those sub- 
stances whicli will be mentioned below in connection witli alcoholic fermentation. 

The second theory, developed by Warbuhg, starts from the fact of experience 
that the material of respiration cannot be oxidised in a solution either by oxygen 
alone or in the presence of oxidases. Protoplasm is, however, not a true solution 
but contains numerous particles that can be regarded as solid. Since the multitude 
of these jmrticles possess a very large surface all reactions in the cell that take 
place at surfaces are greatly promoted. The particles of the i)rotopla8m further 
contain iron in the ionised form. Iron is known to greatly hasten the transference 
of oxygen to oxidisable bodies. The materials fok respiration are oxidised 
AT THE surfaces OF THE PARTICLES IN THE PRESENCE OF CATALYTICALLY ACTIVE 
IONS OF IRON. The cause of the combustion in living cells is, according to 
WAPtBUiiG, the adsorption of the respiratory material, along with oxygon, on the 
iron-containing surfaces. 

It is impossible to decide at present which of these two theories is correct, and 
whether respiration does not proceed sometimes according to the one and sometimes 
according to the other. 

At first sight respiration appears a contradictory process, since in 
it organic material which has been built up in assimilation is again 
broken down. Its meaning only becomes evident when, turning 
from the changes of substance, those of energy are considered. It 
is not the production of CO., and HgO that is important, but only 
the liberation of energy. This is effected on the breaking down of 
such substances as carbohydrates, for the construction of which, 
as has been seen, a supply of energy is requisite. On this liberated 
energy the plant is dependent for the driving force in many of 
its vital phenomena. Movements of protoplasm, growth, and move- 
ments due to stimuli cease on the withdrawal of oxygen from the 
plant. All these vital phenomena begin again on the restoration of 
a supply of oxygen, if this is not too long delayed. It might have 
been expected that the organism would possess arrangements by the 
help of which the external energy of light or heat could be employed 
as driving power. Practically, however, it is found that the plant 
proceeds to store up the energy of the sun*s rays in the form of 
potential chemical energy, and then utilises this at need. This method 
has the great advantage that the stored energy can be very easily 
carried to other places in the plant. It can thus reach, for example, 
the roots which grow in the dark and cannot directly transform light 
into chemical energy. Further, the stored energy can be employed at 
times when the sun^s energy is not available, e.g, at night. 

In intramolecular respiration also energy is set free ; this does not, 
however, suffice in most organisms to maintain the driving force for 
the normal vital processes. Some seeds can remain alive for many 
hours or days with intramolecular respiration, and some even continue 
to give off the same amount of carbon dioxide as in ordinary respira- 



270 


BOTANY 


FABT I 


tion. In most cases, however, the amount of COg rapidly diminishes. 
In other plants death soon occurs, probably owing to the end-products 
of intramolecular respiration acting as poisons. The value of intra- 
molecular respiration is in these cases only slight. On the other hand 
it has a very great importance in certain organisms which will be 
referred to later. 

J?. Oxidation of Inorganic Material 

While most plants use organic compounds, especially carbohydrates, 
in respiration, certain bacteria utilise other sources of energy. Thus, 
the nitrite bacteria which commonly occur in the soil oxidise ammonia 
to nitrous acid, and the associated nitrate bacteria further oxidise the 
nitrous acid to nitric acid (nitrification). By the help of the energy 
thus obtained they can then assimilate carbon dioxide ; the chemical 
energy takes the place in them of the sun's energy for the typical 
autotrophic plant. The formation of the organic substance is, in this 
case, not a photosynthesis but a chemosynthesis. There is no breaking 
down of organic material so that the whole of the assimilated nutri- 
tive substance is retained, and the working of these organisms is very 
economical. Since, however, only a limited amount of ammonia is 
available, and this is derived from other organisms, they cannot take 
the dominant place in nature which the green plants do. 

With the nitro-bacteria the so-called sulphur bacteria may be associated ; these 
oxidise sulphuretted hydrogen to sulpliuric acid, sulphur being an intermediate 
product, and being stored in the body of the plant. In a similar way other bacteria 
obtain energy by the oxidation of methane to carbon dioxide and water. It is 
very probable that the energy in these cases is employed in the synthesis of organic 
substances from OO2. 

In contrast to these strictly specialised autotrophic bacteria the combustion of 
hydrogen is not a property of definite “hydrogen-bacteria” but is widespread 
among ordinary heterotrophic bacteria ; these further effect the oxidation of organic 
substances. The case is apparently similar for the so-called iron-bacteria {e.g, 
Leptothrix ochracea ) ; these perhaps only require iron or manganese when supplied 
with unsuitable organic substances. 


C, Fermentation 

With the removal of oxygen intramolecular respiration begins, but 
this cannot supply the necessary energy to maintain life in the higher 
plants, although it may do so in lower organisms. Many Bacteria, 
Fungi, and certain Algae (Characeae) are notably independent of a 
supply of oxygen ; they succeed with slight traces of this gas, or they 
avoid it altogether and live in situations where oxygen is absent 
(mud of swamps or of the sea, digestive canal of many animals so 
far as it is free from oxygen). Such organisms are called anaerobes or 
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ANAEROBIONTS in contrast to the typical aerobes or aerobionts. All 
intermediate stages connect the two extremes. The true anaerobionts 
decompose large amounts of organic substances, and this decomposition, 
which is in principle the same as the process of intramolecular respira- 
tion, is termed fkrmentation. As in intramolecular respiration, 
these processes are concerned with obtaining combined oxygen. 

The prototype of fermentation is the alcoholic fermentation brought 
about by the yeast fungus (cf. p. 443). In this, sugar is split up into 
alcohol and carbon dioxide, and the process has great technical im- 
portance in the production of beer, wine, and brandy. The chemical 
process is the same as that of intramolecular respiration in a green 
plant ; in contrast to this the yeast plant obtains in the fermentation 
a complete substitute for respiratory activity. It is, however, only 
independent of oxygen when it is supplied with a suitable ferment- 
able material (sugar). In the absence of sugar, oxygen is indis- 
pensable, and normal respiration takes place. When both sugar 
and oxygen are supplied, respiration and fermentation go on simul- 
taneously ; part of the sugar is transformed into CgH^-O and COg and 
another part into HgO and COg. Obviously, the transformation of 
sugar into alcohol and carbon dioxide will provide much less energy 
than the complete combustion to carbon dioxide and water. It is 
thus easy to understand that yeast utilises enormous quantities of 
sugar. Only about 2 per cent of the sugar in the nutrient solution is 
used in the construction of the substance of the plant, i.e, is assimilated ; 
the rest is fermented. For effecting this extensive decomposition of 
the sugar, yeast employs a specific enzyme (zymase). 

While in normal respiration, the total heat of combustion of glucose ( = 674,000 
gramme calories) is set free, there has to be subtracted in the case of alcoholic 
fermentation the heat of combustion of two molecules of ethyl alcohol (2 x 323,000 
= 646,000 gramme calories) ; thus only 28,000 instead of 674,000 gramme calories 
are set free. 

It was long suspected that the fermentative power of yeast was dependent on the 
presence of enzymes (’^). E. Buchner first succeeded in separating these from 
the living protoplasm. Since “zymase ”, in contrast to other enzymes, is unable to 
diffuse from the cells, these have to be ruptured and then subjected to great 
pressure to obtain it. Further, zymase is not a simple enzyme but a mixture of a 
number of enzymes which in conjunction bring about the alcoholic fermentation. 

According to Neubero (’*), in this process the molecule of sugar is first trans- 
formed into two molecules of methyl-glyoxal which provide pyruvic acid and gly- 
cerol ; by the splitting off of 00, this is transformed into acetaldehyde. Acetalde- 
hyde can be demonstrated as an intermediate product in the process of fermentation, 
and is also directly reduced to alcohol by yeast. 

While the yeast fungus is largely unaffected by oxygen in its 
fermentative activities it cannot be classed with strictly anaerobic 
organisms, since its growth is greatly favoured by free oxygen. It 
follows from this, since the chemical changes depend on the numbers 
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of the yeast cells, that more alcohol can ultimately be obtained in the 
presence of oxygen than if this is excluded. 

Other fermentative organisms, however, are directly injured by 
free oxygen and therefore only occur naturally in situations where this 
gas is absent. To these true anaerobes the butyric acid bacteria 
belong ; these transform all kinds of carbohydrates and higher alcohols 
into hydrogen and organic acids, butyric acid being always among the 
latter. Since they can attack cellulose, butyric acid bacteria play' an 
important part in nature. They transform the carbon fixed in the 
cell-walls of plants into forms which other organisms can utilise ; they 
thus prevent a large amount of carbon being excluded from the 
circulation of materials in nature (see below). 

In the butyric acid fermentation also the carbohydrate is first transformed into 
pyruvic acid and glycerol ; from this, butyric acid and free hydrogen arise. Since free 
nitrogen can act as an acceptor of the hydrogen, there is a formation of ammonia 
and thus a fixation of nitrogen. 

It is impossible to treat of all the various fermentations here. The 
lactic acid fermentation may, however, be mentioned. This plays an 
important part in the dairy industry, and also in the preparation of 
Sauerkraut. The process is anaerobic, the molecule of sugar either 
splitting into two molecules of lactic acid or yielding COg and Hg in 
addition to lactic acid. 

So far only fermentations of carbohydrates have been considered, 
but the more complex organic compounds of the plant- and aniraal- 
body, and in particular the proteins, may also be fermented. 
In the latter case the process is termed putrefacation when it 
takes place in the absence of oxygen, and decay when oxidation 
is possible. In nature aerobic bacteria occur first in the ferment- 
ation of albuminous substances, and these prepare the way for 
anaerobic forms, so that a sharp distinction between decay and putre- 
faction is impossible. In all cases the proteins are first hydrolytically 
dissociated with the production of the substances already mentioned, 
especially amino-acids. These are further changed, first by the separa- 
tion of NHg, and then more profoundly ; ill-smelling substances such as 
sulphuretted hydrogen, indol, and skalol are often, but not in all cases 
of proteid fermentation, formed. 

It is impossible to draw a sharp line between those decompositions which go on 
without the assistance of atmospheric oxygen and those in which oxygen plays a 
part. We are obliged to class as fermentations all those metabolic processes by 
which energy is obtained, which differ from typical oxygen respiration. In this 
sense the production of malic and oxalic acids in the Crassulaceae and of oxalic 
acid in fungi and bacteria would be fermentations and a typical oxidation 
process (the transformation of alcohol to acetic acid effected by the acetic acid 
bacteria), must also be grouped with fermentations. 

With these pi*oce8se8, which have in common a gain of oxygen, 
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free or combined, there must lastly be associated the cases in which 
inorganic compounds serve as the source of the oxygen. Thus certain 
bacteria live as anaerobes using nitrates as their source of oxygen ; 
the nitrates are reduced to free nitrogen (denitrification). In other 
cases sulphates are reduced to sulphuretted hydrogen. 

There are further bacteria (Micrococcus selenicus) which are not anaerobic but 
are unable to utilise the free oxygen ; they can only take oxygen from readily 
reduced substances such as sodium selinite, sodium thiosulphate, indigo carmine, or 
methylene blue (’®). 

Circulation of Material. — When organic material, as is the case in 
nature with the remains of dead organisms, is the prey of various 
micro-organisms these co-operate in their action ; metabolic products 
of one kind of micro-organism are further decomposed by others until 
the organic compounds are converted into inorganic or mineral sub- 
stances. The final products are carbonic acid, water, hydrogen, methane, 
ammonia, nitrogen, and sul])huretted hydrogen. 

All these end-products of fermentation can be utilised by other 
organisms. Leaving COg and HgO aside as having been sufficiently 
dealt with, it may be noted that hydrogen, methane, ammonia, and 
sulphuretted hydrogen are all oxidised by particular bacteria, while 
others assimilate nitrogen. It is only by this co-operation of all 
organisms that life is maintained on the earth and substances again 
brought into circulation. If only one type of organism existed, it 
would in a short time have destroyed the possibility of its own 
existence by its one-sided metabolism. 

D. Production of Heat and Light in Respiration 
AND Fermentation 

Heat C^^). — Since typical respiration is a process of oxidation, it is 
easy to understand that it is accompanied by an evolution of heat. That 
this evolution of heat by plants is usually not perceptible is due to the fact 
that it is not sufficiently great, and that considerable quantities of heat 
are rendered latent by transpiration, so that transpiring plants are 
usually even cooler than their environment. In some fermentations, 
e,g. alcoholic fermentation, a considerable quantity of heat is evolved. 
The heat of rotting manure is well known and employed in the con- 
struction of hot-beds. 

The spontaneous evolution of heat is easily shown experimentally, if tran- 
spiration and the loss of heat by radiation are prevented and vigorously-respiring 
plants are selected. A quantity of geminating seeds (peas) shows under proper 
conditions a rise in temperature of 2° G. The greatest spontaneous evolution of 
heat manifested by plants has been observed in the inflorescences of the Araceae, 
in which the temperature was increased by energetic respiration 10®-20'* 0. 
Also in the large flower of the Vict<jria regia temperature variations of 16“ C. 
have been shown to be due to respiration. One gramme of the spadix of an Aroid 
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exhales, in one hour, up to 30 cubio centimetres CO 2 ; and half of the dry 
substance (all the reserve sugar and starch) may be consumed in a few hours as 
the result of such vigorous respiration. Specially high temperatures are obtained 
by cutting up living leaves, etc., in large quantity and ensuring a sufficient supply 
of oxygen. Under these conditions the temperature rises to 40®'50® C., and the 
leaves perish. After their death a further rise of temperature is due to the action 
of micro-organisms. 

On wounding plants, respiration and also the production of heat are markedly 
increased ; the contrary is seen in conditions of starvation. 

In the fermentation of tobacco also a considerable rise in temperature takes 
place. This is still more marked when damp hay or cotton wool is piled up in 
large quantity and left undisturbed ; by the formation of easily inflammable gases, 
this may lead to the spontaneous combustion of the material. The spontaneous 
heating of hay has been nmst thoroughly studied. First by the respiratory 
activity of Bacillus coli the temperature is raised to 40° C. ; then a number of 
thermophilous moulds and bacteria become established, among which Bacillus 
calfactor raises the temperature to 70° C. Ultimately all the organisms perish 
owing to the temperature to which they have given rise. 

Phosphorescence (^^). — Under the same conditions as those of respiration a 
limited number of plants, particularly fungi and bacteria, emit a phosphorescent 
light. The best-known phosphorescent plants are certain forms of bacteria which 
occur in the sea, and the mycelium, forraexdy described as “ Rhizomorpha,” of the 
fungus Armillaria mellea. Harmless phosphorescent Bacteria {Baclerium phos- 
phoreurrif Pseudomonas lucifera) occur on phosphorescent fish or meat. TJjc 
phosphorescence of many animals appears usually to dej)end on bacteria which 
develop regularly in particular organs of the animals. 

This phosphorescence disappears in an atmosphere devoid of oxygen, only to 
reappear on the admission of free oxygen. On this account the phosphorescent 
bacteria afford a delicate test for the activity of assimilation. All the circum- 
stances which facilitate respiration intensify phosphorescence ; the converse of this 
is also true. No use is known for the phenomenon of phosphorescence. 


SECTION II 
DEVELOPMENT 

Development, that is, growth combined with change of form, is one 
of the most striking vital phenomena. A plant, composed it may 
be of millions of cells, commenced its existence as a single microscopi- 
cally small cell ; in order to attain its large size and definitive form it 
has had to develop. Developmental physiology does not see in the 
development merely the stream of changes in the construction of the 
organism shown by the developmental history regarded from a phylo- 
genetic standpoint; it sees in the individual organism a series of 
successive, causally determined processes occurring as phases of 
development and bringing about the differentiation of the germ. 
The physiology of development has to recognise the special nature of 
each of these processes and to trace them to their underlying causes. 
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I. The Commencement of Growth 

The germination of seeds and spores. — The natural starting- 
point in considering the development of an individual plant is the 
germination of the seed in the case of the higher plants, and in the 
lower plants the germination of the spore. Ripe seeds or spores 
usually undergo a resting period which may be determined by internal 
or external causes. They pass into the so-called latent condition in 
which all the manifestations of life come to an almost complete 
standstill ; even respiration is suspended and there are no indications 
of growth or movement. When this condition is overcome the 
development commences with germination, that is, the formation of a 
young plant or seedling. 

The germination of seeds and spores is brought about as a rule by 
the re-establishment of the general conditions for growth, especially a 
suitable temperature, supply of oxygen and water. In other cases this 
does not suffice ; the resting state is dependent on certain internal 
conditions and often requires special stimuli to bring about a change. 

Some seeds pass through a prolonged resting period before tliey commence to 
germinate. This may be due to the fact that they only become ripe after their 
separation from the plant, or it may be due to their only being able to absorb water 
very slowly. There are also great individual dilferences among seeds ; some may 
lie for years in the soil, while others of the same age have germinated long before ; 
this in part depends on the hardness of the seed-coat and the consequent difficulty 
of swelling. This also appears to be the main reason why the seeds of many 
aquatic plants will not germinate in pure water, but do so on the addition 
of acids or alkalies. In some cases fully swollen seeds are unable to germinate 
except in the light (’®). A surprisingly short exposure to illumination may 
suffice (LythrumBalicaria^ ^ second, at Hefner candle intensity of illumination 370). 
When the germination of seeds is tested in light of different wave-lengths, if the 
energy for all colours is equal the number of germinations is found to be proportional 
to the wave-length ; thus the yield in germination can be represented as proportional 
to the number of light-quanta. Not uncommonly the illumination may be replaced 
by a particular high temperature or by the chemical effects of the light. Chemical 
stimuli play the chief part in the case of certain parasites which only germinate in 
the vicinity of their host plants [Orohanchey Tozzia). In other cases [e.g, Amar- 
antus) light hinders or delays germination, and darkness is an advantage. 

In the case of spores also, germination may begin on the establishment of the 
formal conditions of growth or may require special stimuli. 

The unfolding of buds. — Unlike the animal the plant is never fully 
grown. It forms, as a rule in the leaf-axils, buds which undergo a 
period of rest and sooner or later unfold. The remarks made regard- 
ing the germination of seeds apply to the annual recurrence of the 
active growth of buds in perennial plants. 

A striking and fixed resting condition is seen in deciduous trees. At a certain 
season of the year, in the autumn or earlier, their buds can in no way be induced 
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to expand (stage of complete rest). Later, however, a considerable shortening of 
their resting period may be caused not only by a higher temperature but by a 
number of stimuli such as frost, dryness, darkness, illumination, ether vapour, 
acetylene, tobacco smoke, wounding, injection of water, etc. The awakening 
from the resting state (*^) is most readily effected shortly before the normal 
resumption of activity, but almost as readily at an early period shortly after the 
period of rest has begun. These relations have to bo taken into consideration in 
the forcing of plants in horticultural practice. 


11. General Phenomena of Growth 

When seeds or spores commence to germinate, or buds to unfold, 
growth begins. To be able to grow is a specific property of living 
structures, which is lacking in dead bodies. The “ growth of a 
crystal is something quite different. In it particles are removed from 
the surrounding liquid and applied to those that form the existing 
crystal, while with the process of growth are connected manifold 
movements of material in the living organism. In the latter case the 
result is not a simple enlargement resulting according to definite laws, 
but an increase of volume with which a host of very complicated in- 
ternal changes are connected. Owing to this the increase of size is 
permanent and persistent and is irreversible. Thus an increase of size 
due to imbibition, as in the case of a dry seed placed in water, is not 
growth. Usually growth is associated with gain of material, but in 
the case of potatoes sprouting in a dark cellar loss takes place by 
transpiration and respiration, and yet the shoots exhibit growth. 

1. The Phases of Growth 

In the simplest plants, such as the lower Algae, Fungi, or Bacteria, 
development consists merely in growth of the cell followed by cell- 
division. These cases have been sufficiently dealt with in the morpho- 
logical section. In more complex plants growth and division of cells 
are also found, but these processes appear subordinated to the growth 
of the whole. Three distinct processes can be distinguished in this, 
though they are not always separated in time. These are the stages of 
FORMATION OF EMBRYONIC ORGANS, of ELONGATION, and of INTERNAL 
DEVELOPMENT. 

(a) Embryonic Rudiments. — The embryonic growth takes place 
normally at the growing: points. Little is known as to the causes 
of the cell-divisions in the growing point. There is no doubt that 
a very complex succession of phenomena is involved ; not only the 
protoplasm but the nuclei of the cells have to be considered, the latter 
indeed initiating the cell-divisions. 

In the first place there is no doubt that external factors play a great part in 
starting cell-divisions (^^}. It will be seen below (p. 286) that the intensity and 
quality of the light sometimes, as in fern prothalli, exert a great influence on the 
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cell-division. In the second place internal factorsi especially the age of the cells, 
come into play ; the capacity for division diminishes with the age of the cells, but 
can be restored by external influences. As Habeulandt (**'‘^) has shown, certain 
substances (hormones), which can thus restart the process of division, are derived 
from wounded or mechanically injured cells. Similar substances appear to arise 
in plasmolysis, perhaps by rupture of threads of protoplasm, and some poisons 
have a similar effect. 

(b) Elongation. — The meristcmatic primordia require to enlarge 
and unfold before they can become functional, and this increase of 
size is effected in a peculiar and economical fashion. It results 
mainly from absorption of water from without. Organic material 
is of course required for the extension of surface of the cell-walls, 
but there is no need of an increase in protoplasm during the enlarge- 
ment ; the valuable nitrogenous material is economised. There is a 
great difference in this respect between the growth of a plant and a 
typical animal ; nothing corresponding to this phase of elongation is 
met with in the latter. 

The meristcmatic cells of the growing point contain considerable 
amounts of imbibed water in the wall and protoplasm. As absorp- 
tion of water from without continues, a distinction becomes evident 
between the fully-saturated protoplasm and the vacuoles filled with 
a watery solution ; this leads ultimately to the single large central 
vacuole or sap-cavity surrounded by the peripheral layer or sac of 
protoplasm (cf. p. 2, Fig. 3). 

Since the elongation consists in an absorption of water it is evident that the 
cells which grow most strongly are those that have the greatest suction-force values. 
According to recent investigations, however, the turgor-pressure, to which importance 
was earlier attributed in connection with growth, plays a subordinate role. It has 
been shown by measurements tliat it diminishes in the growing zone in proportion 
to the growth (**). This diminution is very advantageous to the growing cell ; 
since the suctiou- force, which is so important for growth, is equal to the difference 
between the concentration of the cell-contents and the pressure of the wall, the 
plant only requires to keep the former value constant in order to arrive at a greater 
value of the suction- force. Any serious dilution of the cell-sap need not occur owing 
to the power of the growing cell to regulate the concentration of the cell-sap. The 
osmotic value can be increased by the transformation of sugar into organic salts ; 
thus, for example, by a change of glucose into oxalic acid it can be trebled. 

Regarding the processes in the growth of cell- walls which are termed a 2 )position 
and intussusception, what is necessary has been stated on p. 33. In growth in 
surface due to plastic stretching without addition of material, followed by the 
addition of new layers to the wall, the stretching due to turgor appears as a 
natural preliminary to the growth. In the case of growth by intussusception the 
turgor- pressure appears less necessary. 

Tissue Tensions. — The expansion of the cells in length and 
breadth does not always take place uniformly and simultaneously in 
the whole cross-section of an organ. It is usual to find that, in 
growing stems for instance, the pith strives to expand more strongly 
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than the peripheral tissues. Since no breach of continuity between 
the two regions is possible, a state of tension (tissue tension) results. 
The pith expands the cortical tissues and these compress the pith ; 
the actual length of the organ is the resultant of these antagonistic 
tendencies. If the tissues are artificially separated, each assumes its 
own specific length ; the pith elongates and the cortex contracts and 
the tension disappears. 


The tissue tensions which occur generally in growing organs may be demon- 
strated in this way. In a sunflower shoot the pith is separated for some 

distance from its connections to neighbouring 
tissues by means of a cork-borer. On with- 
mm drawing the cork-borer the cylinder of pith 

projects for some distance from the cut surface of 
the stem (Fig. 252, J). If a similar shoot is 
11 ®pi^t longitudinally the two halves curve out- 

jH wards owing to the elongation of the pith and 

Jm. I V contraction of the epidermis. Even in the 

/ J ? ' case of hollow shoots such as the stalk of the 

\J) ; V ' inflorescence of the Dandelion ( Taraxacum) a 

" tension exists between the outer and inner 
; ; 1^ - J tissues which is expressed by curvatures when 

If. ■' the stalk is split longitudinally (Fig. 252, 2a), 

^ S stalk after this treatment is placed in 

jJ water the curvature increases considerably (Fig. 

Tissue tensions also occur in leaves and roots. 

^ The tensions need not be in the longitudinal 

direction alone ; there are also transverse tensions. 
Fio. 262. — i, Shoot of Helianthus Thus, for example, the rind of trees which increase 
annum with the leaves removed . i i i . • j 1 1 

aiid the pith eepareted from the th^^ness by secondary growth is considerably 
peripheral tissues by means of a stretched in the tangential direction. On being 
cork - borer. Stalk of the in- separated from the wood it therefore contracts, 
florescence of Taraxacum, split . in 

longitudinally by two incisions at Xil6 tlSSUG tSnSlOllS grBClUBlly BriS6 

right angles to one another; a, at some little distance from the growing 

metio^nwatol”''’ expansion of cells is 

commencing, and as a rule they again 
disappear in the fully -grown zone, though they persist in the 
case of some organs (p. 339). They are of great importance for 
the rigidity of growing tissues; they increase the rigidity given by the 
turgescence of the individual cells. The tissue tension presents a certain 
resemblance to the turgescence of the cell ; this is most evident in the 
typical stem. Just as the cell-sap distends the cell-M’’all by its osmotic 
pressure, the expanding pith stretches the cortical tissues. 

The tissue tension ceases as all the cells attain the permanent 
mean length dictated by the size of the organ. Sometimes, however, 
certain cells after attaining their greatest length exhibit a considerable 
contraction associated with an alteration in shape. TMs occurs often 
in roots when the tissues of the cortex and of the central portion are 




DIV. II 


PHYSIOLOGY 


27d 


thrown into folds by the contraction of the tissue that lies between 
them. The significance of this contraction of roots (p. 170), which 
may lead to a shortening of the fully-grown structure by 10-70 per 
cent, is very great. Thus it is due to it that the leaves of many 
“ rosette plants,” in spite of the continued growth in length of the 
stem, remain always appressed to the soil. It determines and regulates 
the penetration of many tubers and bulbs to a definite depth in the 
soil. It increases the fixation of the plant in the soil, since greater 
stability results from tense than from slack roots. 

(e) Internal Dilferentiation. — The cells of the typical growing 
point maintain their power of growth and division. A portion of the 
meristematic tissue, or the whole of it in the case of organs of limited 
growth, becomes transformed into the somatic cells of the permanent 
tissues; in these growth and cell-division cease, and sooner or later 
death ensues (p. 308). 

The internal development of an organ commences close behind the 
growing point and lasts for a longer or shorter time. While the full 
development of hairs is frequently very rapid, the definite form and 
structure of the internal tissues is often only completed after the phase of 
elongation is ended. 


2. Measurement of Growth 

Embryonic Growth. — The increase of size due to embryonic growth 
is too small to be easily recognised. It can only be established, 
noting the number of cell-divisions, by microscopical examination. 

Such investigations have shown that there is an underlying rhythm in em- 
bryonic growth and that, oven when the external conditions remain constant, it is 
not the same at all periods of the day. Tlie various organs behave differently. 
Thus the maximum for roots is between 9 and 11 A.M., and for shoots 3-5 a.m. 
It has long been known that in many Algae, e,g, Spirogyra^ cell-division occurs only 
at night (®*). While in this case it is evident that light is the arresting cause, in 
the embryonic growth of higher plants still unknown external factors or internal 
causes are presumably acting. 

Elongation. — It is usually growth by elongation that is in question 
when the growing parts of plants are considered and the growth 
measured. 

(a) Total Elongation. — The rate of growth of a plant, or the total 
elongation in any unit of time, may be directly measured by means of 
a scale in the case of some quick-growing organs, e,g, the inflorescences 
of Agave and the shoots of Bambusa. Usually it is necessary to magnify 
in some way the actual elongation for more convenient observation. 
For large objects, the most convenient and usual method of determin- 
ing the rate of growth is by means of an auxanometer. 

The principle of all auxanometers, however they may differ in construction, is the 
same, and is based upon the magnification of the rate of growth by means of a 
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lever with a long and short arm. In Fig. 253, at the left, a simple form of auxano- 
meter is shown. The thread fastened just below the terminal bud of the plant to 
be observed is passed over the movable pulley (r) and held taut by the weight {g)^ 
which should not be so heavy as to exert any strain on the plant. To the pulley 
there is attached a slender pointer {z\ whicli is twenty times as long as the 
radius of the pulley, and this indicates on the scale {S) the rapidity of the 
growth magnified twenty-fold. 

Self- registering auxanomoters are also used, especially in making extended 
observations. In Fig. 253, at the right, is shown one of simple construction. 
The radius of the wheel (i?) corresponds to the long arm, and the radius of the 
small wheel (r) to the short arm of the lever, in the preceding apparatus. Any 
movement of the wheel, induced by the elongation of the shoot, and the con- 



Fiq. 253.— Simple and self-registering auxanometers. For description see text. (After Noll.) 

sequent descent of the weight {g)^ is recorded on the revolving drum {C) by the 
pointer attached to the weight which is in turn balanced by the counter-weight 
( W)» The drum is covered with smoked paper, and kept in rotation by the clock- 
work {U). If the drum is set so that it rotates on its axis once every hour, the 
perpendicular distances between the tracings on the drum will indicate the propor- 
tional hourly growth. 

If more accurate measurements are required the horizontal microscope, focussed 
on the tip of the organ the growth of which is to be measured, may be employed. 
The growth is across a scale in the eye-piece and the space traversed by the growing 
tip can be magnified to any extent required. In order to obviate the constant 
readings a complicated self-regulating auxanometer has recently been constructed 
for these fine measurements (•*). Cinematography has also been usefully employed 
in measurements of growth. 

The rate of growth in plants is usually too slow to allow of the 
result being directly observed after a short time. Only some fungal 
byphae and the stamens of some Gramineae grow so rapidly that 
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their elongation is evident, even to the naked eye. The fructifica- 
tion of the Gasteromycetoiis fungus Dictyophora grows in length to the 
extent of 5 mm. per minute, and an increase in length of 1*8 mm. a 
minute has been observed in the stamens of Triticum (Wheat). This 
approximately corresponds to the rate of movement of the minute- 
hand of a watch. In comparison with these the next most rapidly- 
growing organ know nis the leaf-sheath of the Banana, which shows 
an elongation of 1*1 mm., and a Bamboo shoot, with an increase in 
length of 0*75 mm. per minute; a strong shout of Cucurhita grows 
0*1 mm. per minute, the hyphae of Botrytis grow 0*034 mm., while 
most other plants, even under favourable circumstances, attain but a 
small rate of elongation (0*005 mm. and less per minute). 

The rate of growth of an organ never remains uniform ; even 
under constant external conditions it gradually increases from very 
small values to a maximum and then decreases to zero. This pheno- 
menon is known as “ the GRAND PEKIOD OF growth.” An example 
will illustrate its course. 

A coleoptile of the Oat cultivated at 22"" C. in the dark gave the following measure- 
ments in millimetres at successive periods of 12 hours : 


Ilalf-dayH. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Growth 

. 3-7 

14-3 

22-3 

240 

12-7 

4.7 

0-8 

Length attained . 

. 5-2 

19-5 

41-8 

65-8 

78-6 

83-2 

84-0 


The figures for the increments of growth in the successive half-day periods, 
when plotted, give the black line curve in Fig. 254 which represents the grand 
period of growth. Instead of these numbers the second row of figures may be used 
to express graphically the course of growth. The dotted curve in Fig. 254 shows 
this for the values reduced to one-half ; on account of its form this is termed the 
S-curve of growth. 

The grand period is not always so regular as in this example ; 
frequently deviations due to abrupt changes in the growth are 
apparent. 

(b) Distribution of Growth. — As a rule any part of a plant is 
not growing throughout its whole extent but consists of both fully- 
grown and still growing portions. The latter also are not elongating 
uniformly but are composed of zones, passing gradually into one 
another, in which the rates of growth differ. The length and position 
of the growing zones is not the same in different organs. In typical 
roots the single growth-zone is situated near the tip and occupies a 
length of 5 to 10 mm. The growing zone is longer in aerial roots 
and in extreme cases may amount to 1 m. The behaviour of stems 
varies. Those without sharply-defined nodes have a single zone of 
growth of considerable length (frequently extending to *5 m.). They 
thus resemble the aerial roots. In many shoots, especially those 
divided into nodes and internodes, there are a number of zones of 
growth separated by fully-grown or less strongly growing zones. 
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This is termed intercalary growth and is beautifully shown, for 
example, in the haulms of grasses, where a growing zone is found 
at the base of each internode. At the bases of many leaves also 
an intercalary growing zone is found. 

The distribution of growth in any member of the plant is ascertained by 
periodically measuring the distance between certain natural or artificial marks. 

Thus, for example, the tip of the root in Fig. 255 / is marked with lines of 
india-ink at intervals of 1 mm. The marks start from tlio growing point of the 
root (0) just behind the root-cap. Twenty- two hours later the marks had been 
separated from one another as is shown in Fig. 255 II. The elongation has been 
unequal in the different zones ; at the upper and lower ends of the marked 

region it diminishes and thus leads 
to the fully-grown region on the 
one hand and the embryonal region 
at the tip on the other. Between 
those and nearer to the apical end 
is a zone whore the maximal growth 
has taken place. If the growth of 
one transverse zone such as that 
between 0 and 1 is followed on 
successive days it is found that it 
grows at first slowly, then rapidly, 
and then again slowly. In other 
words, EVICRY DIVISION OF THE 
GROWING ZONE EXHIBITS THE 
Or.AND PERIOD OF GROWTH. The 
millimetre zones marked off from 
the a})ex are thus in different stages 
of their grand periods ; the two 
first are on the ascending side of the 
curve, 3 and 4 are at the summit, 
and the others are on the descend- 
Fio. 254.--Curves of the course of growth. [Half-days.] ing slope of the curve. Other 

organs give corresponding results. 

Distinct periods of growth separated by an interval of time occur in the 
scapes of the Dandelion, the first period in relation to the development of the 
flowers, the second to that of the fruits. A similar behaviour is found in other 
organs whose function after a time becomes altered (flower- or fruit-stalks in 
Limria cymhalaria^ Tropaeoltm^ and AracMs hypogaea). 

(c) Rate of Growth. — From the fact that in different organs zones 
of different length are in a growing condition, it follows that such 
results as to the total grow'th of an organ as were described on p. 231 
do not give the true rate of growth, i.e. the growth of a unit of length 
in unit time. Thus in the shoots of the Bamboo the growing zone 
is many centimetres long, while in Botrytis it is only 0*02 mm. in 
length. While Bambusa shows twice as much growth per minute as 
Botrytis does, its rate of growth is really much less. A certain relative 
measurement of the rapidity of growth is obtained by expressing the 
elongation per minute as a percentage of the growing zone. This 
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gives a rapidity of growth of 83 per cent in Botrytis^ and of only 
1*27 per cent in Bamhusa, The maximum growth observed is 220 
per cent in some pollen- tubes, while some shoots which are still clearly 
growing have a rate of only 0*5 per cent. 

(d) Size of the Plant. — We can only determine the definite elonga- 
tion of a part of the plant when, in addition to the rate of growth and 
the length of the growing region, the 


duration of growth is known. The sixe 
of the plant, which, as is well known, 
depends in various ways on external 
conditions and yet is a specific character, 
is determined by variations in these 
factors. A definite size belongs to the 
specific properties of an organism just as 
much as the form of its leaves, etc. ; 
further, the whole organisation of the 
plant is such that it involves a particular 
size. 

III. The Factors of Development 

In attempting to determine the factors 
which influence development it is necessary 
to treat of examples which show in charac- 
teristic fashion the effect of particular 
factors. Completeness, either in the 
enumeration of the factors or as regards 
their influence, is out of the question. 
As in other cases, the factors may be 
divided into the two groups of external 
and internal factors. 



Fig. 255. — The distribution of growth 


in the root- tip of Vida Faha. 7, 
A, External Factors The root-ttp divided by marking 


All the forces and substances which 
have been seen to be physiologically 
effective in the metabolism, or which 
play a part in movements, are among 
the external factors of development. 


with india-ink into 10 zones, each 
1 inin. long. II, The same root after 
twenty-two hours ; by the uneijual 
growth of the different zones the 
lines have become separated by un- 
equal distances. (After Sachs.) 


Certain external factors have already been mentioned (p. 203) 
as indispensable conditions of life ; in the absence of these no 


development takes place. In addition to this general (formal) 
significance these factors have other effects on growth. On the, one 


hand variation in the intensity of these factors usually calls forth 


definite quantitative changes in the course of growth, the so-called 
growth-reactions (cf. p. 305). On other hand, modifications in the 


intensity, and also in the quality or the direction, of the factors may 
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result in qualitative changes in the growing organs of the plant. 
These qualitative or formative influences find expression in two ways. 
They may be morphogenetic, influencing the resulting construction. 
They are further necessary to many organisms by determining the 
beginning of various phases of the developmental history, e,g. the 
commencement of development, the polarity, the general relations of 
symmetry, the cell-diiferentiation, the reproduction, etc. 

1. Temperature (®®). — As in the case of metabolism it is found that 
a certain temperature is a necessary formal condition of growth. 

^ There is complete cessation of growth at a temperature less than 
0° or higher than 40''-50° (cf. p. 203). Between the minimum and 
MAXIMUM temperatures, at which growth ceases, there lies an optimum 



Fio. 256.— Dopendonce of growth on temperature. (After Talma.) The abscissae give the 
temperatures. The curves give the growth of the roots of Lepidium mtivvm; the black line 
in si hours ; the broken line in 7 hours ; and the dotted line in 14 hours. With the duration 
of the experiment the optimum shifts to lower temperatures. 

temperature at which the rate of growth is greatest (Fig. 256). This 
optimum temperature usually lies between 22° and 37° C. Plants 
inhabiting different climates exhibit considerable differences in regard 
to the cardinal points for temperature (cf. p. 204). The single 
individual of a particular species may make varying demands on the 
temperature during the successive stages of its development. Thus 
it may be impossible to regard any particular temperature as the 
optimum, without qualification. The seedlings of grasses, for example, 
succeed at temperatures which would seriously harm the plants when 
ready to flower. High temperatures which accelerate growth may, 
if prolonged, act injuriously on the development (cf. Fig. 256). 

In tropical plants' the minimum temperature may be as high as + 10® C., while 
those of higher latitudes, where the first plants of spring often penetrate a covering 
of snow, as well as those of the higher Alps and polar regions, grow vigorously 
at a temperature but little above zero. Many of our spring plants show that 
the opening of their flowers can take place at a lower temperature than the unfolding 
of the foliage leaves. 
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2. Light (®’). — Light is not so generally an indispensable condition 
of development as the temperature is. There are plants (Bacteria, 
Fungi) which can complete their whole development normally in 
darkness. On the other hand there are organs for which at least a 


transient illumination is necessary. It has been 
seen that certain seeds and spores only commence 
their development after they have had a short 
exposure to light. Plants which normally live 
in the light cannot continue their development 
unless they are exposed for periods to light. 
Light is indeed, as has been seen, essential for 
the construction of important materials for 
growth. Only those plants that are richly 
provided with reserve materials (seeds, rhizomes) 
are able to grow without light for longer 
periods. Even then they assume abnormal 
forms which have now to be considered (®®). 
If seeds of the White Mustard are sown in two 
pots, one of which is kept in the light and the 
other in darkness, the plants after a time exhibit 
the appearances represented in Fig. 257. The 
complete darkening has resulted in plants of 
a quite peculiar appearance. This phenomenon, 
which is known as ETIOLATION, comes about by 
the growth of some organs being unduly 
favoured and of others greatly retarded. The 
stems of Dicotyledons become unusually 
elongated, also soft and white in colour. The 
leaf -stalks are also lengthened, while the leaf- 
blades are small and remain for a long time 
folded in the bud (Fig. 257). Since in darkness 
the yellow pigments are formed but not the green 



pigments, the leaves of etiolated plants are fio. two seedlings of 


yellow. Etiolation also occurs in some non-green 
plants ; thus some cap-fungi in the dark show 
considerable elongation of the stalk while the 
cap is abnormally small. 


Sinapis alba of equal age. 
Ef Grown in the dark, 
etiolated ; N, grown in 
orti inary daylight, normal. 
The roots hear root-hairs. 
(After Noll.) 


There are considerable differences in the anatomical 


structure between normal and etiolated plants. The tissues in the latter are 
little differentiated and thickened cells are wanting. 

The elongation of certain organs and simultaneous reduction of others has 
an ecological significance in nature in the case of seedlings and rhizomes which 
are growing in the dark. The parts which are functional only in the light remain 
at first undeveloped, and the constructive material for them and especially for 
the chlorophyll is economised. The great elongation of the other organs, which 
is mainly dependent on an accumulation of water, brings the parts that need it 
as soon as possible into the light* 
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Comparison of an etiolated plant with one grown in the light shows 
that the influence of light is not the same on all organs ; it may 
either increase or arrest the growth. While, however, the action 
of light in arresting the growth of the stem increases with the 
intensity, the increase of the growth of leaves due to the light has 
a limit ; the leaf attains its maximal size in light of moderate intensity. 
It is a one-sided view of the growth in length of the stem, and the 
resulting height of the plant that is expressed by the statement, 
“ the effect of illumination is to retard growth.’’ 

When the effect of various intensities of light on the growth of an organ is 
more accurately investigated it is found that an increase in the strength of the 
light does not at once arrest growth but exerts first a transient favouring influence. 
In a corresponding way a diminution in the intensity of the light first exerts an 
arresting influence and then the anticipated increase of growth takes place. The 
transient effects in both cases, however, do not influence the ultimate length ; the 
organs grown in tlie stronger light are invariably smaller. 

Even without going to the extreme of complete darkness, various intensities of 
illumination may have far-reaching formative results. These are most accurately 
shown by the results of Ki.ebs’ studies on fern prothalli. Ho found : 1. In weak 
light (osram lamp of 27 metre candles) the prothalli frequently form unhranched 
filaments, 2 mm. in length, but without any cell - divisions. 2. In somewhat 
stronger light the form of the young prothalli is the same, but transverse walls 
are formed. 8. In light of about 250 metre candles the filament is replaced by a 
flat expanse of cells ; with the proper illumination even the second cell of the young 
prothallus can proceed to give rise to a cell-layer. 4. Lastly, in light of 500-1000 
metro caudles, small masses of cells are formed. 

Further formative results from different intensities of light are shown in the 
form and structure of foliage leaves (cf. p. 107). Shade-leaves have a very diflerent 
structure from the leaves of the same species developed in full sunlight. They 
are thinner, their palisade cells narrow below, leaving wide intercellular sj)aces 
between them, and form only a single layer ; in sun-leaves the palisade cells are 
longer and form several layers. 

Alpine plants, the illumination of which differs in duration, intensity, and 
composition from that in the plains, differ in their whole habit from lowland 
plants. Their vegetative organs are contracted, while the flowers are large and 
brightly coloured. Other factors than light are concerned in this change. 

In cases whore two types of leaf are produced in the course of development, as 
in Campanula rotundifoUa and some water-plants, the juvenile leaves appear to 
be associated with weak light and the later type of loaf with light of a higher 
intensity (p. 306). 

The effect of the various rays (®®) of which white light is composed 
is not the same. It is especially the blue and violet rays of short 
wave-length that are effective when light arrests growth in length. 
The red rays, on the other hand, have the same effect as darkness. 

In the case of fern-prothalli growth is favoured by red light as it 
is by darkness, but cell-division is arrested ; on the other hand, the 
blue and violet rays arrest the growth but promote cell-divisions. 
Such differences in the effects of light are to some extent compre- 
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hensible when it is borne in mind that light acts not only as a stimulus 
but as a source of energy. Ultra-violet light has a harmful effect on 
the plant. Radium- and Rontgen-rays have an inhibitory effect on the 
processes of growth but, like poisons (p. 289), may in small amounts 
favour growth (^). 

In addition to the intensity and quality of the light, its direction 
has a great effect on the form of the plant-body. One-sided illumina- 
tion leads to curvatures (phototropism, cf. p. 350), but light has also 
an influence on the polarity (cf. p. 293) and symmetry of the plant. 
Thus, for example, a radial growing point may become bilateral or 
dorsiventral when illuminated from one side. Even an organ which 
has long passed the embryonic stage can thus become dorsiventral in 
so far as it only produces roots on the shaded side (shoots of Ivy and 
other root climbers). When the external symmetry has been altered 
experimentally the internal structure is also affected. 

Antithamnion cruciatumt one of the Florideae, forms decussately-arranged 
brandies when in diffused light ; on one-sided illumination the branches all stand 
in one plane at right angles to the direction of the rays. Further examples of 
dorsiventrality induced by one-sided illumination are afforded by the branches of 
many Mosses, the thalli of most Liverworts, and the prothalli of Ferns ; these 
structures in the absence of such illumination are sometimes radial and in other 
cases bilaterally symmetrical. In fern prothalli and the thallins of Marchantia 
the dorsal side is determined by tlie stronger illumination. In the case of the 
prothalli, when the lower side is illuminated, the new growth is adapted to the 
altered direction of the light and the former upper side becomes the lower ; in the 
Marchantiaceous thallus, on the other hand, the dorsiventrality once induced 
cannot be changed. 

3. Gravity. — A plant can readily be removed from the light but 
gravity is always acting upon it. It is only possible to change the 
direction of its action. When the direction of the action of gravity 
coincides with that of the main shoot and root of the plant no effect 
is perceptible ; when it forms an angle with the line of these organs 
curvatures are produced (see Geotropism), as in the case of illumina- 
tion from one side. Gravity can also, as in the case of light, transform 
radially-constructed into dorsiventral organs. 

Thi.s is shown, for example, by the foliage buds of Taxus haccata^ which only 
become dorsiventral under the one-sided action of gravity. The same holds for 
some zygomorphic flowers. Only under the one-sided orientating influence of 
gravity are the flowers of Hemerocallis fulva and Epilohium augustifolium dorsi- 
ventral ; if the one-sidedness of the influence is removed the flowers become radial. 

The formation of tissues may also exhibit a difference on the upper and lower 
sides of an organ that is due to gravity. A horizontally growing branch of a 
Conifer grows in thickness more strongly below than above and becomes excentric ; 
this phenomenon is termed hypotrophy. The converse phenomenon, epitrophy, is 
often met with in Dicotyledonous trees (*'). 

4. Mechanical Influences. — Pressure and traction exert a purely mechanical 
influence upon growth, and also act as stimuli upon it. External pressure at first 
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retards the growth of the cell and ultimately arrests it. Since, however, the 
growth in surface of the cell-wall continues, the tension of the cell- wall ultimately 
disappears. When this process is complete the whole internal pressure of the cell 
is etfeotive against the external resistance, and in many cases the osmotic value of 
the cell-sap is also increased. In this way roots may break open rocks. If the 
resistance of the body exerting the pressure cannot be overcome, the plasticity of 
the cell- walls renders possible a most intimate contact with it ; thus, for instance, 
roots and root-hairs which penetrate a narrow cavity fill it so comj)letely that they 
seem to have been poured into it in a fluid state. It would be natural to suppose 
that the effect of such a tractive force as a pull would accelerate growth in length 

by aiding and maintaining] turgor 
expansion. But the regulative control 
exercised by the protoplasm over the 
processes of growth is such that the 
pull first acts as a stimulus upon 
growth to retard it, but then causes an 
acceleration of even 20 per cent. 

Other actions of mechanical influ- 
ences as stimuli may be mentioned. 
Lateral roots arise only from the 
convex sides of curved roots (Fig. 
258), the cause lying probably in the 
niFFEKENCEs OF TENSION between the 
two sides. The primordia of the 
haustoria of Cuscuta and the adhesive 
discs on the tendrils of some species 
^ of Parthenoeissus (Fig. 203) are caused 
to develop by the stimulus of 

CONTAC’J'. 

6. Chemical Influences. — 

The presence of the necessary 
nutrient substances in sufficient 
Pus. 258.~-Youug plant of Lupin, the main root of (Quantity and the abscncc of 

which has l)ecome curved. The lateral roots poisonOUS SubstancCS are formal 
have arisen on the convex faces of the curves. 

(After Noll.) conditions for growth. While 

it is known that particular, 

essential, nutrient materials are not replaceable by an excess 
of others, some substances may be of special importance in par- 
ticular processes. Since elongation is essentially due to the intro- 
duction of water, the significance of the water supply to a growing 
plant is obvious. Only the turgescent plant grows. Growth often 
ceases when there is not sufficient water in the soil. Dwarf plants 
(p. 161) often arise in dry soils (®2). The water can often be taken 
from older parts, which then dry up while the tips of the shoots 
continue to grow, e,g. a potato sprouting in a cellar. Some plants 
can store water, and are therefore more independent of its direct 
absorption ; they grow at the expense of the stored water. 

The form and structure of plants may also be profoundly modified 
by the humidity of the air. When the atmosphere is damp the 
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iiiternodes and petioles tend to be long, the lamina large, thin, and 
with an entire margin ; hairs are little developed and the differentiation 
of the tissues is not marked. There arc thus in a number of respects 
similarities to etiolated plants. Local gorging of the tissues with 
water, as may result from the arrest of transpiration due to a coating 
of paraffin oil, leads to an increase in size of the cells and the formation 
of intumescences. In dry air, on the other hand, anatomical differentia- 
tion is well marked, the cuticle is strongly developed, collenchyma, 
sclerenchyma, and the vascular tissues are increased. There thus 
arise useful changes (adaj^tations) which have as a result the promotion 
of transpiration in moist air and its arrest under dry conditions. 

A striking stimulus -effect results from permanent contact with 
liquiil water in such plants as can endure this. This is doubtless the 
result of the combined effect of a number of factors and not simply due 
to the material effect of the water. Thus the arrest of transpiration, the 
change in the illumination, and the supply of oxygen are of importance. 

Amjjliibioiis plants, that is sucli as are capable of living botli ni)oii laud and 
in water, often assuiiu* in water an entirely diilercnt form from that which they 
possess in air. Tliis variation of form is partic.ularly manifested in the leaves, 
which, so long as they grow in water, are frequently linear and sessile or finely 
dissected, wliile in tlie air tliew leaf-blades are much broader and provided with 
])etioles (cf. Fig. 135). The leaf-stalks and internodes also often exhibit a very 
dilferent form in air and water, and undergo the same abnormal elongation as in 
darkness. This is especially noticeable in submerged water plants, whose organs 
must be brought to the surface of the water (stem of Ifippuris, leaf- stalk of 
Nympluiea). Such plants arc enabled by this power of elongating tlieir stems or 
loaf- stalks to adapt themselves to the depth of the water, remaining sliort in 
shallow water and becoming very long in deep water. 

Tlie water- forms also differ from the laud-forms in their internal structure. 
Thickened cell-walls are frequently absent from the stem, and tlie vascular bundles 
are reduced; tlio leaves resemble shade-leaves. The most marked contrast to 
water-plants is ])rcaentcd by such land-jdants as are exposed to insufficient 'water 
8U])ply or too active transj)iration. In tliese the vascular bundles are strongly 
developed, "wdule the eindenuis has the arrangements which have been considered 
under the means of protection against excessive transpiration. 

In addition to the true nutrient materials which are employed 
in the constmetion of the substance of the plant, oxygen requires to 
be mentioned. Although its entry into the plant is connected with a 
loss of organic substance, it is quite indispensable for growth on 
account of the need of respiration. In aerobic plants at least, growth 
ceases completely on the withdrawal of oxygen ; a diminution or 
increase of the proportion of oxygen in the air also influences growth. 

Stimuli of the most various kinds proceed from other substances 
acting on the plant (^^). 

Poisons must first be mentioned ; these are substances which in very dilute 
solutions arrest growth and ultimately life. Thus even in a dilution of 1 in 
100,000,000 copper sulphate kills such Algae as Spirogyra and also peas in water- 

U 
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cultures. It is a striking fact that many }>oisons when in extreme dilution have 
a stimulating effect on growth and determine a more rfllcient utilisation of other 
food materials. Chemical stimuli due to other substances jday a large j>art in the 
germination of many seeds, sj)ores, and ix)llen -grains, and in the development of 
fruits. Some pollen-grains only germinate when they obtain traces of substances 
winch are present on the stigma. Many parasitic fungi and also parasitic 
Phanerogams Lathrea) are stimulated to develop by unknown substances 

proceeding from tlieir liosts. 

6. Influence of Foreign Organisms. — Fungi and Bacteria living 
parasitically in flowering plants often cause ])rofound deformations 
that are known as galls (-‘4). In the simplest cases there is merely a 
hypertroi)hy of cells, while in more complex ones there are qualitative 
changes in the organ. Still more striking gall-formations are caused 
by animals, especially insects. Outgrowths form, which serve the 
parasites for protection and food. Tlie structure of the gall appears 
purposive when considered from the side of' the parasite, the protective 
layers and nutritive layers of the gall being without significance for 
the plant. 

Euphorbia O^jparlssias, when attacked by a rust fungus {Accidiuni Eupborhiac)^ 
becomes sterile, remains unbranclied, lias shorter and broader leaves, and in its 
whole appearance is so changed as scarcely to be recognisable. Plant-lice some- 
times cause a flower to turn green, so that instead of floral leaves green foliage-like 
leaves appear. Another peculiar example of abnormal growths is afforded by the 
GALLS or CECiDiA produced on jilants by fungi, or more frequently by insects, 
worms, and arthropods. The effect of these formations on the normal development 
of the tissues of a plant is more or less disturbing, according to their position, 
whether it be in the embryonic substance of the growing point, in the tissues still 
in course of differentiation, or finally in those already develojied. Galls which are 
products of abnormal tissue- formation are termed iilsTOii), while organoid galls 
depend on the transformation or new-formation of members of the plant body. 
The latter are especially instructive. The larvae of Cecidomyia rosaria live in the 
growing points of Willow stems, and occasion a malformation of the whole shoot 
by the production of galls, known as ** willow' -roses,” which are composed of 
modified leaves and axes. Flies (Diptcra) often dej)0.sit their eggs in the tissues of 
partially-developed leaves, in consequence of which the leaves become, according 
to their age when attacked, more or less swollen and twisted. After tlie leaves of 
the oak have attained their full growth they are often stung by a gall-wasp of the 
genus Cynips. The poison introduced by the sting, and also by the larvae hatched 
from the eggs deposited at the same time, occasions at first only a local swelling of 
the leaf tissue, which finally, however, results in the formation of yellow or red 
spherical galls on the lateral ribs on the under side of the leaf. 

Symbionts (cf. p. 259 fi[‘.) may influence one another formatively. 
This is seen, for example, in Lichens. 

It is probable that, in addition to the wounding, chemical substances 
play an important part in the influences exerted by one organism on 
another. It is true that only in rare cases have deformations 
resembling galls been brought about by the action of dead substances 
extracted from the normal inhabitant of the gall. Parasites which 
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do not give rise to galls probably act on the host plant by poisonous 
substances. On the other hand, the host plant by forming anti-bodies 
may injure the parasite or prevent its entrance. Thus Heinricher 
has shown that some kinds of pear-tree are readily infected by the 
mistletoe and others only with difficulty ; he has also shown that 
probably one infection by the parasite renders the host more resistant 
to artificifil inrections. There are thus phenomena of immunity in 
the vegetable kingdom, though they have not been nearly so thoroughly 
investigated as in the case of animals 

7. Survey of the External Factors. — It has been seen that 
numerous external factors influence the plant; in the simpler cases 
they oidy affect the rate of growth, while in more complicated ones 
the influence extends to the resulting form. We tend to regard the 
form of a plant as usually met with in Nature as the normal form. 
Deviations from this, that arise under the influence of external 
conditions, are spoken of as modifications of the normal form. It is 
clear, however, that the normal form itself is also the expression of 
definite external factors, those to which the plant is customarily 
exposed during its development. In other words, the same laws 
govern both the normal form and the modifications. The modification, 
like the constellation of conditions under which it appears, is unusual. 
While some of these changes in the plant are indifferent or even, as in 
the case of galls, are only of value to the organism giving rise to the 
alteration, many of the reactions of a plant to external stimuli are 
beneficial to the plant. This is the case, for example, in the excessive 
elongation in etiolation, the characteristic construction of amphibious 
plants in water and on land, the protections against excessive transpira- 
tions in plants of dry habitats, etc. These are all useful reactions or 
adaptations. Why the plant frequently reacts in this way cannot 
be further considered here (cf, p. 196). In contrast to such adaptiitions 
the modifications which are useless or injurious to the plant are 
termed malformations or pathological formations. 

B, Internal Factors 

When a change occurs in an organism while all the external factors 
remain constant it must be referred to internal factors. The latter 
cannot be so readily analysed as the external factors, so that the 
reference of phenomena to internal factors is frequently little more 
than a statement of our ignorance. 

1. Determinants. — The determinants which a plant has derived 
from its parents are the first internal causes to be mentioned; it is these 
that lead to the regular origin of a particular fungus from a fungal spore 
or of a*bean-plant from a bean-seed. In particular they determine the 
agreement of all the individuals of any species, when under the same 
external conditions, in such characters as the colour of the flower, 
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form of the leaf, size, etc. It is not as a rule possible to experimentally 
alter the determinants possessed by a species, and they cannot be 
ascertained by direct observation. Genetic experiments are needed to 
afford any insight into them. On this account iurther consideration 
of them may be deferred until heredity is treated later. 

2. Form and Size of Cells and Cell-Division. — Since protoplasm 
is a liquid, the normal form of a naked cell is a sphere and this is often 
met with in unicellular organisms. Deviations from the spherical form 
are, however, frequent in these and become the rule when cells are 
associated to form a tissue. Mechanical pressure and tension and 
especially surface tensions give rise to profound alterations of the 
spherical shape. No causal mechanical explanation of the great variety 
of cell-form in plants is as yet possible, largely because so little is 
known of the important factor of the specific structure. 

The theories bearing on the determination of the position of new 

walls in dividing cells are 
closely connected with the 
recognition of the fact that 
protoplasm is a tenacious fluid. 
It has long been observed that 
the position of the new cell- 
walls shows a striking similarity 
to the behaviour of weightless 
liquid films such as those of 
soap bubbles. The latter tend 
to contract to the least pos- 

F.o.259.-Di.gn.mmaticr„p.-.Hentation Of a growing therefore are 

point. (Afior Sachs.) inserted as nearly as possible 

at right angles on the walls 
already jiresent. In spite of the great similarity between the arrange- 
ment of cell- walls on the one hand and of surfaces of minimal area on 
the other, it would be unsafe to conclude that the same causes 
determine the position in the two cases, for the cell-w^all is never 
fluid. 

The principle of the rectangular intersection of cell-walls is strikingly shown 
in the growing points of phanerogamic plants. In these, as is shown in Sachs’ 
diagram (Fig. 2r»9), the cell- walls form two systems of parabolas which have a 
common focus and intersect at right angles. The one system (Fig. 259 7- FI) runs 
more or less parallel to the surface of the growing point ; these cell-w^alls arc 
termed pkriolinal. The w^alls at right angles to these (1-11) are termed 
ANTICLINAL. 

The growth of the cell once started does not always proceed 
uniformly. Some algal cells (Vaucheria) or fungal hyphae (Saprolegnia) 
continue to elongate by apical growth. In the great majority of cases, 
however, there is a limit to tliis, and when a certain size has been 
exceeded the normal mass of the cell is regained hy cell-division. 
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Among higher plants also there are cells, such as the laticiferous tubes 
of the Kuphorbiaceae which can continue to grow for years and attain 
a considerable length without undergoing cell-division. It is thus 
impossible to regard cell-division as necessarily following growth. 
What the factors may be that determine whether cell-division shall 
occur or not in particular cases is unknown ; they belong to the 
group of numerous internal factors that determine development 

The size attained by cells must also be related to the internal 
conditions. If various species of plants are compared as regards the 
size of their cells it is found that a mean measurement is characteristic 
and is determined by heredity. Kecent researches have disclosed the 
important fact that the nuclear mass contained in a cell has frequently 
a connection with the size of the latter. It has proved possible in a 
number of cases to obtain cells with nuclear masses that are twice, four 
times or more that of the normal nucleus. In many cases all the cplls 
derived from such a cell were considerably larger tLan normal and the 
increase in size appeared to be definitely connected with the condition 
of the nucleus 

It was Sachs who first called attention to the great im]>ortance of the size of 
the cells for the organisation and construction of the plant. He pointed out that, 
in comparison with the enormous dilferences in size of ditlerent plants, the ditlerences 
in size of cells were much loss Wliile, for example, the size of a bacterium and 

that of Sequoia are as 1 : 100,000,000, the ratio between the cell-sizes of the two 
organisms is only about 1 :30. Plants of very diiferent sizes are thus constructed 
of cells which differ much^less in size than might have been anticipated. 

3. The stpuctupal opganisation of the developing cells may be 
of fundamental significance for the development. The egg from which 
the plant proceeds may be so constructed that all portions of its 
protoplasm are equivalent and that it possesses no definite structure to 
determine the typical development. On the other hand there may be 
already present in the egg-cell a definite organisation connected with 
the parts of the future planl. Which of these two possibilities holds 
for a particular plant can only be determined experimentally. For 
the egg of the sea-urchin, a favourable animal type for investigation, 
the first of the two alternatives stated above holds ; the embryo can 
develop to a normal whole animal when parts of it have been detached. 
Something similar has been found in the early developmental stages 
of marine algae, e,g, Fucaceae. A decision on this point is hardly 
possible in the case of the higher plants in which the embryo, enclosed 
in the ovule, is not accessible to experimental interference. Further 
light on this group of questions can only be sought experimentally by 
investigations on restitution and polarity, 

(a) Polarity. — By polarity is understood the property of the plant 
which determines the contrast between base and apex. In higher 
plants the polarity is already determined in the egg-cell and once 
established persists throughout the development. The fertilised egg 

Ul 
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proceeds to form two distinct growing-points one of which develops as 
the root and the other as the shoot of the embryo plant. A corre- 
sponding polar differentiation establishing base and apex is mot with in 
simply constructed plants. In some cases an external factor deter- 
mines which portion of the young plant will become tlie base and 
which the apex. Thus in the germination of the spores of Equisetum, 
the position of the first segment- walls, and thus the polarity, is deter- 
mined by the direction of the incident light. A corresponding effect 
of light on polarity is shown by the eggs of Fuens and 
Didyota. The influence of gravity on the polarity of 
plants has been frc(piently 


t 




L 



1 2 
Fia. 260. --Twigs of Willow : 1, in the normal po.sitlou ; 2, 
in the inverted position growing in a moist chamlior. 
(After V(ioHTiN<i.) 

polarity as to render a higher 
polarity. 


investigated. It has never 
been found possible, how- 
ever, by inverting a plant 
to transform the shoot into 
a root and conversely. 
Even the polarity in the 
undifferentiated egg cannot 
be thus altcied by gravity. 
It is evidently determined 
by internal causes, and 
gravity can only exert a 
modifying effect 

While tluis in some 
cases an external factor 
may determine which parts 
of a young plant shall 
become base and apex, in 
all the higher plants the 
polar growth is a specific 
character dependent on 
internal causes. It is as 
impossible to cause an 
apolar alga to exhibit 
plant apolar or to invert its usual 


If twigs of Willow are cut and suspended in a moist chamber roots form near 
to the lower end, while only the buds situated near the other end expand into 
shoots (Fig. 260,. 1). If tlie twig is hung in the inverted position it is the 
corresponding buds at the end which is now lowest which still give rise to shoots, 
while the strongest roots are produced near to the lower end which is now upper- 
most (Fig, 260, 2). This experiment shows that internal causes mainly determine 
the contrast of the two poles. Since, however, in the inverted position there is a 
displacement downwards of root- formation and upwards of the unfolding of the 
buds gravity must also play a part. It has, however, in no case proved possible 
to effect a complete and lasting inversion of the polarity of a plant in this way ; 
while such inverted plants may live for a considerable time, they exhibit serious 
disturbances in their anatomical construction (®®). An effect of gravity on the 
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internal disposition is also seen in the case of obliquely or horizontally placed 
branches. The tendency of the internal disposition is to cause the uppermost 
buds to develop and give rise to long shoots. On branches displaced from the 
vertical the basal buds are favoured and the more apical buds arrested. When 
the branch is curved the strongest branches arise at the high(\st point of the 
curve. In the cultivation of vines and fruit trees this peculiarity is utilised to 
produce shorter and weaker shoots (short shoots), whicli experience has shown 
arc those that bear the flowers. 

The polarity once it has been defined in the egg-cell is on the whole maintained 
throughout growth. In some plants, however, it can bn seen to be altered from 
internal causes. Thus in species of VUvty cerium, and Adianium among the 
Ferns and in Xcotlia nidus avis among the. Orchids, shoots are formed directly 
from the growing points of roots. In the Adder’s-tonguc Fern {OpMoylossum) 
the veg(3tative re])roduction depends entirely on tlie formation of buds close to 
the growing points of tlie roots. The apices of some fern leaves also Adiaut/um 
Edyeivorthii) may grow directly into a shoot. 

(b) Restitution — The normal development with all its phases 

takes place even when the external factors remain completely constant. 
Jt is natural to eiKjuire whether this is due to each part of the embryo 
bearing within it its future determination (theory of germinal districts); 
or wli ether, while the nucleus of the germ-cell contains the totality of 
the determinants for the whole organism, in the nuclear divisions of the 
embryo these determinants are distributed in a mosaic-like way to the 
resulting cells (theory of differential divisions) ? In this case the 
mature cells of the various organs would only contain the particular 
determinants for the latter. Lastly, do all the cells of the body, like 
the germ-cell itself, possess the power of producing the entire organ- 
ism ? On questions like these the facts regarding restitution throw 
some light. 

By restitution is understood the new-formation of organs which 
as a rule follows the mutilation of a plant, and can take place in 
situations where no active growth would have been manifested in an 
uninjured plant. Two types of restitution may be distinguished 
according to whether the new development occurs at the wounded 
surface or at some distance from this. 

The production of the lost organ from the wounded surface, 
though not uncommon in lower plants such as algae and fungi, 
is of very restricted occurrence in. the higher plants. Only tissues 
that are meristematic or embryonic, and by no means all of these, 
are capable of this. It is most frequently seen in the growing 
point of roots ; when the tip is removed by a transverse cut, if this is 
not more than 0*5 mm. from the tip, it may be again formed. A 
longitudinally-split root-tip tends to complete itself in such a way as 
to give rise to two growing points. This type of restitution does not 
occur at the growing points of shoots, and is very rare in the case of 
leaf-primordia. 

Another type of restitution, on the other hand, is widespread among 
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plants. In this case an organ which has been lost is replaced either by 
the formation of a new one in the vicinity of the wound or the 
outgrowth of one which was in a rudimentary condition. Exami)les 
of this type of restitution are afforded by the algae and fungi, and 
especially by bryophyta. Those can only be mentioned here, and 
consideration will be limited to the flowering plants. The capacity 
to form roots is especially widespread. In geraniums, willows, 
and Tiiany other plants, roots can be induced to form at any point 
on shoots sej)arated from the plant. In other plants the roots develoj) 
at particular places such as the older nodes. After roots have developed, 
the stem gives rise to a complete plant either by the unfolding of 

axillary buds or by the development of 
new growing points of shoots. Separ- 
ated leaves are often able to form 
roots, though the power of giving rise 
to a new shoot is rarely connected with 
this. Even separated roots, when they 
are able to give rise to buds, may 
regenerate Tiew plants. Regenerative 
buds may also arise on tendrils, 
flowers, and fruits. 

If the growing 
l^oint of a flowering 
plant is destroyed a 
new growing point 
may l)e developed from 
the meiistem above 
the youngest leaf- 

Fi«, 261.--Tr.'insvHrsn soctiori of tho Ipafof liegonia showing the primordiuni. While 
development of an adventitious shoot from an epidermal cell, the restitution is hcrC 
a, ^rhe epidermal cell has divided once; 6, a multicellular tori trx 

meristem has been produced, (x 200. After Uanskn.) 

stematic cells, in other 

cases older fully-grown cells may recommence to grow and divide 
and thus return to the meristematic condition. A special tissue, 
called CALLUS, is thus first formed at the wounded surface, and new 
shoots may form within this. In yet other cases fully-grown 
epidermal or parenchymatous cells may give rise to growing 
points directly, ie. without the formation of callus. Fig. 261 shows 
the origin of a shoot from an epidermal cell of a leaf of Begonia, 

Tissues may also be regenerated from mature parenchymatous cells. Thus 
when the conducting tracts are interrupted new vessels may he formed from the 
parenchyma and re-establish the connection. The tissues which have been removed 
or interrupted are, however, not always formed anew ; frequently substitutionary 
growth takes place. Thus, as a rule, an epidermis is replaced by cork, and it is 
exceptional for a true epidermis with stomata to he regenerated. 

The new-formation of epidermis, which occurs in the norma] course of develop- 
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nient in certain Araceae with perforations in their leaves, may be referred to here. 
In Monstcra deliciosa i)articular limited regions of the laminae of quite young leaves 
die. Around these spots the nieso})hyll divides and forms from the outermost 
layer of cells a secondary epidermis, (dotliing the perforations and connecting with 
the primary epidermis of the upper and lower surface of the leaf. 

In addition to the fact that restitution occurs, the question as 
to where this takes place is of interest. The polarity which exists 
in the intact plant is frequently manifested in restitution. Tlius 
shoots tend to appear at the apical end and roots at the basal end 
of portions of stems, while the opposite distribution is found in roots. 
In more lowly-organised plants polarity is often apparent in the 
restitution process, as when each of the single cells separated from a 



Fio, 202.— Leaf of Ikgnnia nwed as a cutting and boarinjj restitution shoots. (Aftia- STorriiL.) 


CladopJma forms a colourless rhizoid at the base and a green filament 
at the apical end. 

This contrast of base and apex does not appear in restitutions 
from foliage leaves; this may be connected with the fact that the 
leaf is not included in the new formation. Frequently a new plant 
arises at the base of the leaf, which then dies off. Sometimes the new 
formations proceed from the general surface of the leaf {Torenia)y but 
frequently the place of their origin can be determined by cutting the 
lamina, the new plants forming above the incisions {Begoniay Fig. 
262 ) O. 
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TJie plienoiiiena of restitution have great importance in horticulture, since 
they allow of plants being rapidly multiplied without the aid of seeds. In 
artificial re]>roductioii detached pieces of plants are made use of for the purpose of 
producing fresh complete plants. In many cases this is easily done, but in otliers 
it is more dillicult or even impossible. The simjdest method is by means of 
CUTTINGS, that is, the jilanting of cut branches in water, sand, or earth, in 
wJiich tlicy take root {OUamdcr^ Fclargonium^ Tradescantiay Fuchsia, Willow, etc.). 
Many i^lants may be propagated from even a single leaf or jiortion of a leaf, as, 
for instance, is usually the case with Begonias. In other cases the leaves, while 
still on the parent-plant, have the poAver to produce adventitious buds {Bryophylhim). 
The Dandelion {Taraxacutn) possesses the capability of developing from small 
portions of the root. 

4. The Phenomena of Correlation — The phenomena of 
restitution show that not only the cells of the embryo but even fully 
grown cells of the body of the jdant are capable of reproducing the 
whole organism. The cells of a plant are thus totipotent, resembling 
the germ-cells in this ; and not itnipotent. The most fundamental 
problem of develo])mental physiology is in what way the totipotent 
cells arc induced to develop only a small proportion of their potential- 
ities (or determinants). From every cell of a growing point the whole 
organism could develop. It is the mutual connections or correlations 
between the cells that lead to the lines of development followed by 
this and that cell. When these connections are removed it has been 
seen in the phenomena of restitution (p. 295) how cells exhibit quite 
other capacities than those they had previously shown when in 
connection with one another. This applies to mature as well as 
meristematic cells when their connection with neighbouring cells is 
interfered with. Thus it has been seen how fully grown cells that 
would soon have perished agfiin become young, and how, for example, 
from a single epidermal cell all the various cells characteristic of the 
particular ])lant can be derived. It is clear that an organism in which 
such mutual action of the cells was lacking could not exhibit the 
division of labour that is customary in the higher plants. In other 
words correlations must be included among the ‘‘ regulations vdthout 
which the organism is inconceivable. 

Such correlations exist between the externally visible organs of a 
plant as well as between its cells. This, if not as a rule evident, 
becomes apparent when an organ is removed and the reactions of the 
isolated organ and of the plant from which it was taken are studied, 
or when an organ is experimentally brought into a position it did not 
previously occupy. 

The first result of the removal of an organ may be the appearance 
of so-called compensations; other remaining organs become larger. 
The leaves which arise at the growing point prevent older leaves 
attfdning their maximal size, and if the growing point is removed the 
size of the leaf may be increased {e,g. in the tobacco plant). The 
active development of some of the axillary buds hinders that of many 
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Others ; if the dominant shoot is removed the resting buds commence 
to grow. The conclusion may be drawn that, even in normal develop- 
ment, the size of the organs is determined by correlative influences 
from neighbouring organs. 

In other cases a qualitative effect follows the removal of an 
organ. If the tip of a Pine is removed, its place is taken by one of 
the adjacent lateral branches, which assumes the erect position and 
shows the same leaf -arrangement as the original main shoot. It 
appears that the usual oblique position and dorsiventral arrangement 
of the foliage on the lateral branches comes about under the influence 
of the main shoot. In this and many other cases of correlative 
influence it is not necessary that the organ should be removed ; as a 
rule it is sufficient to interfere with its normal function, as for example, 
])y embedding it in plaster of Paris. 

As a further example of the mutual influence of the organs of a plant the 
formation of tubers in the Potato may be considered. As is ropi esented in Fig. 190 
the tubers usually form at the ends of horizontal stolons whicli arise from the 
lower region of the foliage shoot where it is embedded in the soil. The tuber forms 
by marked growth in thickness of the end of the stolon, and (jessation of its growth 
in length. If, however, the leafy slioot is removed at the proper time, the ends 
of the stolons grow into erect branches which emerge from the soil and bear foliage 
leaves. The typical development of the Potato can thus be modified so tliat no 
tubers are formed. On the other liand, tubers can be caused to form at other 
places : for example, at low temperatures the main axis of a particular kind of 
Potato will remain short, and be transformed into a tuber ; in oth(‘r varieties 
tubers arc produced near the summit of the aerial leafy shoots when the tip of the 
shoot is darkened. BoiissinrjauUia basdloidcs is even more plastic than the 
Potato ; any bud can be induced to form a tuber, and when buds are husking, 
iiiternodes or roots may swell into tubers. Apparently the production of a certain 
amount of reserve material acts as a stimulus leading to the formation of a storage 
organ. 

It has been shown in considering restitution (p. 295) tliat new 
roots or shoots may be developed upon isolated organs. Thus, just 
as every cell is originally capable of assuming various forms, so are 
the members of the plant. It is only their mutual influence on one 
another that prevents this. It would be a mistake to think of such 
influences as only negative and leading to arrest of development. It 
is certain that one part of the plant may exert a positive determining 
influence on others. Thus it is extremely probable that growing buds 
determine the formation of conducting tracts in the underlying 
portions of the stem. As another example, the nucleus plays a certain 
part in the origin of the cell-wall. 

The exact nature of such influences is unknown. Recent investigations support 
the assumption that they are often brought about by substances wliich can pass 
from a region where development is proceeding to other organs. Such substances 
which exercise a determining effect in the formative processes of plants are termed 
HOUMOKES* Their chemical nature is still completely obscure. 
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The effect of correlation is also shown when an organ is trans- 
planted to a new position. By methods of transplantation, which 
have been derived from horticultural practice, it is easy in the case of 
many yjlants to make a separated part grow in relation to a wounded 
surface. The separated part is termed a graft, while tlie plant upon 
which it is inserted is called the stock. The graft may be of the same 
species as the stock, or from a related kind of plant. One correlative 
influence which is apparent is the suppression of restitution on the 
part both of the stock and the graft. The latter adopts the root- 
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Fio. 263. — Different modes of grafting. 7, Crown grafting ; 77, splmo grafting ; 777, bud grafting; 
Stock ; E, scion. (After Koll.) 


system of the stock, while the stock in turn adopts the shoot-system 
of the graft ; there is no necessity for the formation of new organs. 

Artificial grafting, like artificial propagation, plays an important i)art in 
horticulture. Separated shoots bearing buds serve as the grafts or scions, and are 
caused to unite with a rooted plant as the stock. 

In practice several different methods of inserting grafts are in use, but only the 
more important can be mentioned here. Grafting is the union of a shoot bearing 
buds with a young and approximately equally-developed wild stock. Both are cut 
obliquely with a clean surface, placed together, and the junction protected from 
the entrance of water and fungi by means of grafting-wax (Fig. 263 II), Cleft 
or tongue grafting is the insertion of weaker shoots in a stronger stock. Several 
shoots are usually placed in the cut stem of the stock, care being taken that 



DIV. II 


PHYSIOLOGY 


801 


the oanibial regions of the diiferent portions are in contact, and that the cortex of 
the slioots is in contact with that of the stock. In otlier methods of grafting, tlie 
cut end of the shoot is split longitudinally and the cut shoot is inserted in the 
j)eriphnry, or a graft may he inserted in the cortex or in the side of the stock. 
In grafting in the cortex the flatly-cut shoot is inserted in the space cut between 
the bark and the splint wood (Fig. 263 I). In lateral grafting, the shoot, after 
being cut down, is wedged into a lateral incision in the stock. 

A special kind of grafting is known as budding (Fig. 203 III). In this process 
a bud (“ eye ”) and not a twig is inserted under the bark of the stock. The “ eye ’’ 
is left attached to a sliield-shaped piece of bark, which is easil}^ separated from 
the wood w hen tlie jflants contain sap. The bark of the stock is opened by a 
T-shaped cut, the “ eye ” inserted, and the whole tightly covered. Occasionally 
some of the wood may be detached with the shield -shaped piece of bark (budding 
with a woody shield). In the case of sprouting buds, the budding is made in 
spring ; in dormant buds, which will sprout next year, in summer. 

The union is accomplished by means of a callus (p. 296), formed by both the 
scion and the stock. Vessels and sieve -tubes afterwards develop in the callus, 
and so join together the similar elements of the two parts. Such an organic union 
is only possible between very nearly related plants; thus, for example, of the 
Amygdalaceae, the Plum, Peach, Almond, and Apricot may readily be grafted one 
upon the other ; or of the Pomaceae, the Apple with the Quince ; but not the 
Apple with the Plum, nor (as has been asserted) with the Oak. 

The j)olarity which is noticeable in phenomena of restitution also influences 
the practice of grafting. Unlike poles of a plant may readily be induced to grow 
together, while like ]»oles may only be brought to do so with difficulty, and then 
do not develo[> vigorously. 

'Phe stock and graft irifluenco one another in a variety of ways. 
For example, portions of annual plants grafted on perennials attain an 
extended period of life ; the opposite effect, a shortening of the life 
of the graft, may also result from grafting. Qualitative changes may 
also be brought about and may go so far as to lead to a vegetative bud 
of the graft becoming transformed into a flowering shoot. The specific 
properties of the two components are, however, maintained in cases of 
transplantation. Certain cases known as graft-hybrids (chiraaeras) 
appear at first sight to constitute an exception to this statement ; fuller 
investigation, however, shows that, while externally they appear inter- 
mediate formations between the symbionts in the graft, no mingling 
of the specific characters has taken place. 

Chimaeras — Some plants grown in Botanic Gardens under the 
names Laburnum Adami and Crataegomespilus suggest in a number 
of ways comparison with hybrids (p. 314), but have undoubtedly not 
arisen by sexual reproduction. Laburnum Adami (Fig. 264) is inter- 
mediate between Laburnum vulgare and Cytisus pwpureus ; it frequently 
develops branches which can only be regarded as ‘ reversions'^ to 
Laburnum vulgare, and less commonly others that completely resemble 
Cytisus purpureus. Certain intermediate forms between Crataegus 
monogyna and Mespilus germanica are known as Crataegomespilus or 
Bronveaux hybrids. The origin of those is known. The intermediate 
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forms, of which several are known differing from one another, arose in 
the region of a graft of Mespilm on Crataegus in a garden at Bronveaux 
near Metz. It can be regarded as certain that the origin of Laharmm 
Adami was similar. Both plants have therefore been regarded as 
GRAFT IIYRRIDS, Le. as hybrids not resulting from the union of sexual 
cells, but by some influence of vegetative cells on one another. 

More recently Hans Winkler has produced such “graft hybrids 
experimentally. ^ He grafted Solanum nigrum^ the Woody Nightshade, 
on Solmtuni Lycopcrsicum^ the Tomato, and after union had taken place 
cut the stem of the stock transversely at the level of the graft 
Among the adventitious shoots which developed from the legion of 
junction of the two components there occurred well-marked inter- 
mediate forms. In the first instance there were forms which were 
composed of longitudinally-united halves with the characters of the 
grafted plants ; these were termed chimaeras by Winkler. Later 
there were obtained other intermediate forms, externally uniform 
(Fig. 265), which appeared to be the desired graft hybrids. Closer 
investigation showed, however, that these also were to be regarded 
as chimaeras, since they consisted of parts of the Tomato and the 
Nightshade intimately united in growth but otherwise unchanged. 
They were not longitudinally-united halves, however, but inner and 
outer layers of the growing point were formed of tissues of the two 
different species (cf. p. 82 and Fig. 265). These have therefore been 
termed periclinal chumaeras in contradistinction to the sectorial 
CHIMAERAS in which longitudinal segments are evident. 

Cgtisus Adami and the Crafaegomespili are also periclinal chimaeras. 
True graft hybrids in which a mingling of the specific characters in a 
single cell has resulted from grafting are as yet unknown. 

Solanum tuhingense lias the dermatogen of the Tomato, while tlie internal 
tissues are those of the Nightshade. The converse is the case for Solanum Kol- 
reuterianum. In S. proteus the two outer layers are from the Tomato and tlie 
remainder from the Nightshade, while S. Gaertnerianum att’onls the converse 
condition (Fig. 265). In a corresponding fashion the dermatogLii in Cytisus 
Adami is derived from Cytifnis piirpuretis and the internal tissues from Laburnum 
vulgarc. In one of the Bronveaux hybrids (the form Asnicrcsu) a core of Crataegus 
is covered by the epidermis of MespUus ; the other form {Dardari) has two or 
more envelo})ing layers from Mespilus, Wlien adventitious shoots are developed 
from a single layer, these have the pure specific characters proi>er to the layer 
without any trace of admixture with the other symbiont. 

Nothing is known with certainty of the mode of origin of periclinal chimaeras, 
but it can hardly be doubted that the growing points of these adventitious shoots 
are composed of cells derived from the two components, the one forming the core 
and the other the surface layers. 

6. Periodic Changes in Development ^^®). — The development 
of the organism does not proceed by continuous growth of a uniform 
activity. Characteristic periodic changes are met with everywhere, 
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giving rise to phenomena which are closely connected with correlations 
and are frequently classed with them. 

Some examples have already been mentioned. It was noted 
(p. 279) that the embryonic growth did not go on uniformly but had 
an underlying rhythm, and the process of elongation can also proceed 
rhythmically. If, for example, an organ, which has been a long time 
in the dark and is growing fairly uniforndy, is continuously illuminated, 
what is called the light-growth reaction is seen ; the previous 
uniform growth becomes alternately slower and faster, giving a scries 
of waves in the curve. 

Fig. 26G shows such a curve for tlie sporaiigiophore of Phycomyces nUens^ a 
fungus often mot with on horse-dung. The sporangiophore has been in the dark to 
the point marked by the arrow. From this moment it was continuously illuminated 
by light of a dctinite intensity and the growtli accurately noted at short intervals 
of time. The previously unifor]!! growth l)e(;omes wave-like in the light. The 
light-growth reaction also a}>pears when the plant is only transiently illuminated 
with a definite amount of light. 

Numerous recent researches have shown that dillerent amounts of light have 
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Kio. 206.— Light-growth reaction in the sporangiophore of Vhycmycts, (After Blaauw.) 

each their characteristic reaction. This at first glance appears significant in 
attempting to explain the wavy line of the curve and it would be most important 
to connect the amounts of light and the undulations of the curve. But the in- 
vestigations deliberately undertaken, with uniform illumination, show that in the 
process internal correlative causes must co-operate with the light which acts as a 
liberating factor. It is necessary to regard the permanent illumination as acting 
uniformly, just as the preceding darkness did ; from this it would have been natural 
to anticipate a uniform reaction 

The different organs of the jdant behave differently towards illumination. 
While, for example, in the case of the sporangiophore of Phycomyces the growth 
increases immediately on illumination as is indicated by a rise of the curve to a 
summit, in the case of the coleoptile of the oat there is first an arresting eflect on 
growth indicated by a trough in the curve. Other factors (temperature, humidity, 
gravity) behave similarly to light \ in relation to them also the plant fre(juently 
reacts to a sudden alteration by a periodic reaction. 

Some of the most important periodic changes in uhe development 
of plants have been mentioned in the morphological part. Thus, in 
alternation of generations, the sporophyte alternates in a very regular 
fashion with the gametophyte, which is frequently of quite different 
morphological construction.* There are further periodic changes in the 
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construction of the leaves and stem, which may be qualitative and 
not merely quantitative ; foliage leaves alternate with scale-leaves and 
bracts, foliage shoots with rhizomes, and the transitions may be gradual 
or abrupt In these phenomena also correlations ])lay a i)art. 

The existence, or rather the activity, of a certain tpiantity of foliage exerts an 
influence on the priniordia forming at the growing point and causes them to 
develop as biid-scal(‘s. If the foliage leaves are removed in early summer these 
priniordia develop as foliage leaves instead of scale-leaves (ef. p. 103). In a similar 
fashion the removal of leafy shoots may affect a subterranean rhizome, and cause it 
to grow out of the soil and form foliage leaves instead of scale-leaves. 

In addition to the distinction of foliage leaves and scale-leaves heteroi)hylly is 
met with in some, plants (cf. p. 113). It is sometimes possible to bring about a 
return to the juvenile form when the external conditions under which this arises 
are again established. Thus in the case of Campanula rotundifoiia round leaves 
can be developed on plants whicii have formed the subsequent linear leaves by 
diminishing the intensity of the illumination. In so}ne aquatic plants the sub- 
merged leaves belong to the juvenile form, and the floating or aerial leaves to the 
later adult form. Here also the juvenile form can be induced. This is not always 
the case, however, for sometimes the growing point has been so profoundly 
changed that it can only produce the later adult type of folijige. 

The “shade-leaves” (p. 286) of trees may be associated with juvenile leaves, 
since their formation depends more on their position on the shoot than on the 
direct action of the intensity of the illumination. Each shoot commences with 
shade-leaves and later produces those suited to stronger light. It is evident that 
nutritive influences play a part in determining these leaf-forms. 

The active vegetative period among plants is often succeeded by a 
period of rest. Thus many trees and shrubs shed their leaves and remain 
for a time bare. In our climate this happens regularly just before 
the unfavourable winter season. At first sight it appears as if the 
resting condition was caused by the climate. As a matter of fact, 
however, periodic cessations of growth are found in many tropical trees ; 
while temperature and water-supply continue favourable, the leaf-forma- 
tion does not proceed continuously, but is interrupted by resting periods, 
so that there are several periods of active growth in the course of the 
year. In our native plants also the entry upon a resting period is 
in no way determined by the low temperature. The unfolding of the 
leaves of many trees ceases completely in May or J une. Further, our 
trees, when transferred to a tropical climate, frequently exhibit a 
periodicity similar to the native plants of the new locality. 

These phenomena are not interpreted in the same way by all investigators. On 
he one hand it is assumed that every periodicity in the growth of a plant is 
determined by a periodicity in the environment which need not be in the supply of 
moisture and warmth, but may concern, for example, the absorption of nutrient 
salts. On the other hand it may be assumed that plants possess a periodicity 
depending on internal causes, and that they become adapted to the seasonal 
changes in countries where such occur ; with us the resting period is the winter, 
while in other countries it occurs in the dry period. This does not hold for all 
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plants, liowevcr. lii our clinuiLc tliere are some herbs, such as Scnevlo vulgaris^ 
which continue to tliroughout the whole year if the external conditiouH permit, 
and in the tropics plants which grow continuously al^o occur. 

The Oak, IJeech, Ap])le, and Pear retain tlieir resting period in the snl)-tro|)ical 
(dirnate of Madeira, while under uniformly favourable conditions in the mountain 
regions of Java the i)eriodicity may be disliurbed in particular individuals. This 
even occurs in the several brandies of the same tree, Avhicli may then bear leafy 
and leafless boughs at the same time (Oaks, Magnolias, Priiit, and Almond trees, 
together with some endemic species). 


IV. Duration of Life 

We have further to consider the periodic {ilternation expressed in 
the duration of life of the plant as a whole. There are plants, such 
as Slellaria media and Seuecio mil(/ari% which in a few weeks go through 
tiieir wdjole development from the germination of the seed to the ripen- 
ing of their seeds. Since each seed can germinate at once, several 
generations may he developed within the yeai’. The individual ])lant 
dies on producing a certain number of seeds, hut the seeds ensure the 
maintenance of the type of plant. Many annual plants are similar, 
though their life is more closely connected with the seasons of the 
year. With these may he placed other ])lants which only fruit once 
(monocarpic) hut in which seed-formation is preceded hy two or 
many years of purely vegetative growth, with or without resting periods. 
Probably in all these cases the development of fruit is the cause of 
the death of the vegetative organs, for their life can he considerably 
prolonged hy preventing seed-formation. In contrast to these plants, 
others, such as our native trees, fruit repeatedly, the existence of 
the individual not being terminated by seed-formation. All perennial 
types exhibit another periodicity besides that due to the seasons. 
A tree in its first year wdien it is a seedling has less intensity of 
growth than many annual plants ; the intensity of growth increases 
gradually and its growth in lengtli, its growth in thickness, and even 
the size of the elementary organs of the wood continue to increase until 
a maximum is attained. Some trees attain a great age and are in 
themselves capable of unlimited life. From a certain point of maximum 
development, how^ever, the annual shoots become smaller, apparently 
on account of the increased difficulty of exchange of materials between 
the roots and leaves. Ultimately the tree dies for this reason, or 
owing to the attacks of parasites or other disturbing external effects. 
If care is taken to ensure the production of new roots near the 
growing points of shoots, the latter will continue to grow with 
the same intensity, and no termination of the growth is to be 
anticipated. This experiment cannot be performed on evety tree, 
since some do not readily give rise to roots ; it is easily done 
with the Willow, however, by using branches as cuttings. Long 
before tlie whole individual perishes, however, single parts of it 
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have died. Thus the leaves have been shed after persisting for 
one or several years. In some cases whole branches are shed, though 
often they perish without being thrown off and gradually break up 
while still attached to the plant. All the older tissues of the stem 
also die; the peripheral tissues are transformed into bark and either 
fall off or form a protective covering to the parts within. In the 
centre the wood is transformed into heart>wood in which the remain- 
ing living elements die. In an old tree only the growing points, 
whetlier apical or intercalary, and the youngest tissues derived 
from tliem remain alive. Thus we see tLat every cell which has 
lost its embryonic character dies after a longer or shorter time. 
Though this cannot as a rule be prevented, wc cannot say that the 
death is necessary. It is because certain cells develop that others 
die, and their death is a phenomenon of correlation. In plants that 
are capable of restitution the removal of the growing point before 
the permanent tissue has become too old leads to fully-grown cells, 
which would normally die, becoming embryonic again and continuing 
to live. Those lower plants with no distinction of embryonic and 
fully grown cells can continue to grow and divide ; death only occurs 
as the result of unfavourable external factors. In other cases internal 
factors may have a fatal effect, as in the races of plants which are 
unable to form chlorophyll and therefore die. In the study of heredity 
lethal factors can frequently be recognised, i.e. determinants which if 
they became operative would bring about the death of the organism 
(cf. p. 327, Oenothera). 

The longevity of trees having an historical interest isnatiirally best known and 
most celebrated, although, no doubt, the age of many other trees, still living, dates 
back far beyond historical times. The celebrated Lime of Ncustadt in "W urtemberg 
is nearly 700 years old. Another Lime 25'7 m. in circumference had 815 annual 
rings, and the age of a Yew in Braburn (Kent) which is 18 in. in circumference is 
estimated at 2880 years. Sequoia gigantea, the giant tree of California, attains 
according to H. Mayii the age of 4000 years. A Water Cypress {Taxodium 
'tmxicanum) near Oaxaca, Mexico, is another well-known example of an old tree 
(Fig. 624). One of the oldest trees in Germany is an Oak, some 1200 years old, 
which stands on the Ivenak estate in Mecklenburg, and is about 13 m. in 
circumference. Bryophytes also may attain a groat ago ; the ai>ically-growing 
mosses of the calcified Oymnostomum clumps, and the stems of the Sphagnaceac, 
metre-deep in a peat-bog, must certainly continue to live for many centuries. 


V. Reproduction 

Tlie organs which serve for reproduction have been treated in 
the section on Morphology. In this place the conditions and the 
significance of the phenomena have to be considered. 

lieprodnction commences as a rule when the vegetative growth is 
slackening and the plant has attained a certain age. In Nature it 
appears to follow vegetative growth with some degree of necessity. It 
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can, however, V)e shown that this succession is not obligatory, and that 
the natural course of development is determined by quite definite 
conditions, and can be greatly modified by other influences. 

1. The Conditions of Reproduction — Thus the question 

arises, under what conditions does vegetative growth and under what 
conditions the formation of reproductive organs respectively take 
place ? Since these problems have as yet been relatively little 
studied, it is not easy to give a general answer to this question. We 
must, therefore, confine ourselves to making clear the essential facts by 
means of some examples. 

Lower Plants. — The fungi belonging to the genus Saprolegnia 
have a non-septate, branched mycelium without chlorophyll. They 
occur commonly in Nature on dead insects which have fallen into water, 
and their thallus first grows through the body of the insect. After a 
time, however, it grows out and forms a radiating growth around the 
insect. The end of each of the radiating hyphae becomes as a rule 
cut off by a se{)tum, and its contents divide up into numerous swarm- 
spores ; these emerge, move about, and finally germinate to give rise 
in another place to a new individual of Saprolegnia. Later sexual 
organs are formed on the older plant and, at least in some species, 
the egg-cells only develop after being fertilised. With the production 
of fertilised eggs the activity of the Saprolegnia plant tends to cease ; 
it gradually perishes. 

G. Klkbs has shown that it is possible to completely change this 
course of development of Saprolegnia ; Klkbs has succeeded in direct- 
ing the development in the following ways among others : 

1. The mycelium can continue for the whole year to grow vege- 
tatively when supplied continually with fresh and suitable nutritive 
material. 

2. Such a well-nourished mycelium on being transferred to pure 
water proceeds completely and at once to form sporangia. 

3. In solutions of leucin (OT per cent) and haemoglobin (OT per 
cent) at first a strong growth develops and then sexual organs are 
formed. Swarm-spores are not formed ; they appear, however, after 
the sexual organs, when a more dilute solution (0*01 per cent) of 
haemoglobin is employed. 

It is thus clear that quite definite conditions exist for vegetiitive 
growth, others for the formation of sexual organs, and yet others for 
the appearance of asexual reproduction. 

Conditions of the Formation of Flowers in the Higher Plants (^®‘’). 
— In the Phanerogams asexual reproduction by means of bulbils, etc., 
is much less prominent than the sexual reproduction which is connected 
with the flower. While as a rule the production of flowers is associated 
with the plant having reached a certain age, they may appear on 
quite young plants. It is thus to be expected that the formation of 
flowers, as of other organs, will be found to take place under quite 
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definite conditions. The results which Klebs obtained with Sempervivum 
Fimkii can be summarised thus : 

1. With active carbon -assimilation in bright light and rapid 
absorption of water and nutrient salts, the plant continues to grow 
purely vegetatively. 

2. With active carbon -assimilation in bright light, but with 
limitation of the absorption of water and salts, the development of 
liowers takes place. 

3. With a moderate absorption of water and nutrient salts it de- 
pends on the intensity of the illumination whether vegetative growth 
or the production of liowers takes place. With weaker intensity of 
light, and when blue light is used, only growth takes place ; with 
stronger illumination or with red light flowering occurs. 

Klebs distinguished three jjhases in the formation of the flowers 
of Sempervivmn. 

1. The establiKhincnt of the coii<litioii of readinesH for llower-dcvelojuueiit. 2. 
Tl>e iorniation of the j»riiuordia of flowers rccognisahle under the niieroscope. 
3. The (‘idargenient of the inflorescence. These three pliases are connected with 
wholly didereiit conditions and depend therefore in dilfercnt ways on external 
factors. The initial condition is determined hy a preponderance of carbon- 
assimilation over processes in which carbohydrates are consiiuiud. such as respiration 
and vegetative growtli. Since a liigli temperature increases the respiration and 
nutrient salts promote vegetative growth, a low temperature and a limited HUj)ply 
of nutrient salts are necessary, in addition to good illumination, to render the jdaiit 
ready to develop flowers. This condition, when once attained, may be destroyed by 
a high temperature, while it may he preserved for a long while, even in darkness, 
by a low temperature. While in this respect light apparently acts only in 
determining the assimilation of CO.j, in the second phase it has another significance ; 
a certain period of illnmination is quite indispensable for this, and only the lays 
of greater wave-length are ellective, those of short wave-length even destroying 
the state reached in the first phase. In Nature the first phase is attained in 
autumn, but a sufhciently long and intensive illumination is wanting. Under 
continuous illnmination by an Osram lamp, the light from which is rich in red 
rays, the formation of flowers may be hastened by months ; the period is shortened 
by increasing the intensity of the illnmination. The earlier in winter this is done 
the longer is the illumination required ; towards the end of winter as a result of 
the prolonged low temperature the priniordia are so far advanced that a short 
illumination is suflicieiit. Interruptions in the illumination must not be too 
])rolonged or the influence of the illuminated period is lost. The third phase of 
elongation is, like the first, dependent on the nutritive effect of light ; in accordance 
v/ith this, if the preceding nutrition has been sufficient it may, in part at least, be 
carried out in the dark. 

Similar thorough analyses of the conditions of flowering are not available as 
yet for other cases, but numerous observations and experiments indicate that 
light, temperature, and the nutrient salts are of primary importance in the forma- 
tion of the flowers. Since these factors are also indispensable for the vegetative 
life of the plant, it is the amount in wdiich they are available and especially tbeir 
relative proportions which determine whether a particular' bud shall form a flower 
or grow vegetatively. 
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The importance of light in the formation of flovverH is shown by the Avell -known 
fact that the Ivy only ilowers when growing in a well-illuminated situation 
and not in the shade of woods, although it grows well in the latter habitat. Vd(7H- 
TiNu’s exp(!rirnents on Mi^nuhis Tilimjii gave the same result. At a certain low 
intensity of light, which is quite adequate for vegetative gi’owtli, this plant 
produces no flowers. Klehs has made corresponding experiments with Veronica 
Chamaedrysj and lie states that in all plants whicli do not contain any great amount 
of reserve materials a diminution of light leads to the suppression of flower- 
formation. He regards the carbon-assimilation resulting from the illumination as 
the primary cause of this influence on the development of flowers. At a certain 
intensity of light, which is insufficient for the devcilopment of normal flowers, 
cleistogamous flowers are produced in some plants. 

Temperature also obviously jdays an important part. A continuous high teni])era- 
ture hinders flowering. Thus plants of our climate eventually become vegetative in 
the tropics (Cherry), and native perennial jilaiits, such as the Beet or Foxglove, 
can be prevented from flowering in their second year if they are ke])t warm and 
allowed to grow on during the winUT. In this way Klkbs succeeded in keejiing 
the Beet in a purely vegetative state- for several years. Gtcchonm and Scmpermvum 
also, if their winter rest is prevented, grow vegetatively for years. 

Lastly, the nutrient salts have to be considered. By removing the supply of 
salts, se<'dlings can often be converted into dwarf starved jilaiits in which, after a 
few minute foliage leaves have been formed, the development of flowers begins 
at once. Exjierimcnts of Moebius have shown that Grasses and Borago flower 
better if the supply of salts is limited than if well manured. The increase 
of fertility which results from root-pruning in fruit trees may depend uj)on a 
limitation of the absorption of nutrient salts. That, however, all nutrient salts 
do not act in the same way has been pointed out by Benkcke, who showed both 
from the literature and from his own experiments that a diminution in nitro- 
genous food and an increase of phosidiorus led to an increase in the development 
of flowers. 

If, after the formation of flowers has commenc-ed, the conditions for vegetative 
growth arc re-established, a shoot already juedisposed to flowcir-forrnation may 
again become vegetative. Thus when Mimnlus TiUngii is brought into conditions 
of poor illumination the flower-buds already laid down remain undeveloped and 
resting buds in the axils of bracts develop into leafy shoots. The whole appearance 
of the plant is thus greatly altered. 

2. Fertilisation and its Results. — The product of fusion of the egg 
and sperm-cell surrounds itself, as a rule, with a cell-wall. In the lower 
plants an oospore or zygospore is thus formed which geraiinates, usually 
after first undergoing a period of rest. In the higher plants growth and 
cell-division take place forthwith; an embryo is produced which in 
Bryophyta and Hteridophyta continues its further development, while 
in the Phanerogams it soon enters on a period of rest. Before this, 
however, a number of stimuli have proceeded from the development of 
the embryo ; these are especially complex in the Angiosperms. The 
ovule in which the embryo is enclosed commences to grow ; it enlarges 
and assumes a characteristic structure. It has developed iAto the seed. 
The ovary also grows actively after fertilisation and develops into 
the fruit. 

X2 
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Those formative processes of growth in the ovules, ovary, and ultimately also in 
other parts of the flower, are to be regarded as phenomena of correlation. When 
fertilisation does not take place, all those changes whicli load to the development of 
a ripe fruit from the flower do not usually occur. Instead another correlative 
influence arises which leads to the casting-olf of the now useless organ as a whole. 
Some few plants, especially such as have been long cultivated, are to some extent 
an exception to this. In nearly all varieties of the Banana, in the seedless Orange, 
and in the Sultana Raisin, no embryo is formed, but in spite of this the fruits 
develop. The stimulus to this develo])ment can proceed either from the mere 
pollination of the stigma or from the fertilisation of the ovules, w hich then sooner 
or later cease to develop without arresting the development of the fruit. In some 
cases, however, “barren ” fruits develop wholly without the stimulus of pollination 
(parthenocarpic fruits of the Fig, Cucumber, and certain species of Ai)ple and 
Pear). Influences which affect })arts at a distance also proceed from the pollen-grains 
and pollen-tubes on the stigma. Thus after the stigma of an Orchid is pollinated 
the stigma and the gynostemiura swell, and the perianth is promptly arrested in its 
growth and withers. As Fitting showed, this influence proceeds from soluble 
organic substances which withstand heating, and can be readily separated from the 
mass of ungerminated pollen. 

Whether a simple spore or a complex embryo is tlic result of 
fertilisation it is always distinguished from the cells which gave rise 
to it by having nuclei which contain the diploid number of chromo- 
somes (p. 189). On this account a reduction-division which restores 
the normal number of chromosomes is sooner or later the necessary 
sequel to fertilisation. 

3. The Signihcance of Sexual Reproduction. — The significance 
of sexual reproduction is not at once evident. Many plants occur 
ill Nature or under cultivation without being sexually reproduced, 
and succeed with vegetative reproduction only. 

Lower 2)lants which have not attained to sexual reproduction have already been 
referred to (p. 184). Of higher plants which no longer produce descendants 
sexually the cultivated Bananas, Calamus^ some Dioscoreaeeae, some forms of 
Vine, Oranges, and Strawberry, and Mentha piperita may be mentioned. The 
Garlic, which forms small bulbils in place of flowers, the White Lily, and 
Ranunculus Ficaria^ which has root-tubers, only rarely produce fertile seeds if 
allowed to fonn their vegetative organs of reproduction. Under certain con- 
ditions, as for instance on cut inflorescences, seeds may be produced, though 
as a rule tliese plants are multiplied entirely vegetatively. No degeneration 
such as was formerly held to be unavoidably associated with purely vegetative 
multiplication is to be observed in these cases 

If thus the monogenic reproduction suffices to maintain the species, 
digenic reproduction must serve some further purpose not effected by 
the former. Otherwise it would be inconceivable why digenic repro- 
duction had arisen, and why the arrangements to effect it are far more 
complicated and less certain than in the case of vegetative reproduction. 

Were the Algae and Fungi alone taken into consideration it might 
be supposed that sexual reproduction led to the formation of specially 
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resistant germs which could endure a longer period of rest under 
unfavourable conditions — as a matter of fact, the zygospores and 
oospores are frequently much more resistant than the swarm-spores and 
conidia. But even in the Pteridophyta this relation is inverted, for the 
fertilised egg-cell requires to develop forthwith, or else it perishes, while 
the asexual spores can endure a long resting period. 

It is the rule in digenic reproduction that the sexual cells are 
individually incapable of development; this takes place only after the 
sexual cells have united. Thus one use of fertilisation lies in the 
removal of an arrest of growth, though it cannot be said that this was 
its original and essential significance. It is much more probable that the 
sexual cells have gradually lost the capacity of independent development 
since in this way the possibility of fusion was increased. If every 
sexual cell commenced to grow at once, this would in most cases take 
place before fusion with another sexual cell could be effected. 

Tills assumption is siijiportod by the behaviour of some Algae, in which 
the sexual cells can often germinate independently ; the egg-cells especially may 
develop without fertilisation (pauthenooknesis). In the primitive Algae par- 
thenogenesis is possible, because in them the incapacity of development of the 
egg-cell has cither not been accpiired or is easily removed under special con- 
ditions. Thus, for example, in the Alga Protosiphon parthenogenctic development 
is induced by a high temperature, and the same happens in the case of the ova 
of some lower animals (Echinodenns) on treatment with solutions of a certain 
concentration. It may perhaps be assumed that in tlio cases in which development 
only takes place after fertilisation the stimulus to development is given by some 
substance contained in the sperm -cell. 

We thus arrive at the conclusion that the essential of sexual repro- 
duction c-aiinot consist in the removal of the arrest to development 
of the sexual cells. This leads us to consider the fusion of the 
SUBSTANCE OF THE TWO CELLS AND THE MINGLINC OF PATERNAL AND 
MATERNAL CHARACTERS WHICH FOLLOWS FROM THIS. This brings 
out the chief distinction between the two modes of reproduction ; the 
vegetatively produced progeny are due to no such mingling of 
characters. The complex of characters in vegetative multiplication 
does not differ as a rule from that in the parent form. As a matter 
of fact, we preserve by vegetative multiplication all the varieties and 
races of our cultivated plants, even when these do not come true from 
sexually produced seed. In contrast to the vegetative progeny the 
sexually produced descendants, as a rule, cannot completely resemble 
the mother-plant, but must combine the characters of both parents. 
The more these differ from each other, the more striking will be the 
visible effect of fertilisation. 

VI. Heredity, Variability, Origin of Species 

Heredity — ^By inheritance is understood the familiar pheno- 

menon that the properties of the parents are repeated in their 
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progeny. This phenomenon is presented to us in the division of a 
cell, which is the simplest form of reproduction, as well as in the 
more complicated process of sexual reproduction. That the daughter- 
cells resemble the parent-cells requires no explanation. The problem 
of heredity appears when descendants are derived from the germs, 
which arc small portions of a complicated parent organism, by a 
process of dkvelopment. It is assumed that such germs possess 
DETERMINANTS or GENES, which determine that an organism shall develop 
in a definite specific way. It appears probable that these determinants 
are associated in the chromosomes of the nucleus, but we know nothing 
as to the way in which they influence the couisc of development. 

Such determinants must be present in the sexual cells of the 
higher plants, and both in the male and the female cells. The 
fertilised egg -cell must thus possess a double number of these, 
though a single organism is derived from it. That, originally at 
least, the same determinants are present in all cells of the plant and 
not only in the germ-cells is shown by the phenomena of restitution 

The problems of inheritance are of greatest interest in sexual 
reproduction, in which the part played by the two parents in the 
organisation of the progeny comes into prominence. These problems 
can only be attacked by a consideration of hyl.)rids, where there is a 
difference in the determinants of the two parents. 

Hybrids — The union of two sexual cells is, as a rule, only 

possible when they are derived from individuals of the same species ; 
it is only then that they fuse together in the act of sexual repro- 
duction. Occasionally, however, the sexual cells of different varieties, 
species, or even genera have been shown to be able to unite find 
produce descendants capable of development. Such a union is termed 
HYBRIDISATION, and its products HYBRIDS. They are also spoken of 
as HBTEROZYGOTES Or individuals derived from two dissimilar sexual 
cells, in contrast to homozygotes, which have arisen from the 
union of sexual cells with identical determinants. Hybrids are as 
a rule obtained more readily the closer the parent forms are to one 
another, but this is not a rule without exceptions. 

The phenomenon known as xenia can be understood in the light of the fact 
that not only the egg but also the nucleus of the embryo-sac fuses with a male 
nucleus. In tliis way hybrid heterozygotic endosperms result from the fusion of 
the nuclei if those possess unlike determinants. 

Some families exhibit a tendency to hybridisation (Solanaceae, Caryophyllaccae, 
Iridaceae, etc.) while in others hybrids are obtained with difficulty or not at all 
(Papilionaccae, Coniferae, Urabelliferao, etc.). The behaviour of related genera 
and species also is frequently very different. Thus species of Dianthus^ Nicotianaj 
Verhasenm, and Geiim readily hybridise with one another, while those of Silmey 
Solanum, Linariay and Potentilla are difficult to hybridise. Hybridisation of 
closely related species may frequently fail when more distant species can be 
crossed. 

Hybrids also occur in Nature, especially in the genera SaliXy Mubus, Ilieracium, 
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and Cirsium, That such natural hybrids do not occur oftener is due to the lack 
of an opportune time or space for their development, and also to tlie facst that in 
the case of {pollination ot flowers with ilifTcrent kinds of pollen, that of their own 
s{)ecics seems as a rule more effectual in effecting fei tilisatiou. 

Hybrids are often recognisable by having the characters of inter- 
mediate forms between the two parents. They may either be truly 
intermediate, e.g. .Nicotiana rustical x Nic. ptmiculata S and 
aria x H. auruparia (Fig. 267), or may in some characters resciiil)le more 
closely the male parent and in others the female parent. In exceptional 
cases a hybrid may, even to minute characters, resemble the male 
parent (some hybrids of the Strawberry) or the female j)arent. In 
the great majority of cases it is immaterial which plant is taken as 
the male and which as the female parent (reciprocal hybrids). In 
some cases, however, the hybrid A 9 x B (J is clearly different from 
A <? X B 9 . 

The mingling of characters is often complete. When one sp(‘cies lias simple 
and tlie other com]»ound leaves, their liybrid may have leaves more or less cleft 
(Fig. 267) ; or if the flowers of one jiarent sipccies are red and those of the other 
yellow, the hybrid frequently hears flowers which are orange-coloured. If an 
early blooming loriii is crossed with a late hloomer, the hybrid may flower at a 
time intermediate between the two. 

New characters frequently appear in hybrids such as diiiiiniwshed 
fertility, a greater tendency to the formation of varieties, and frequently 
a more luxuriant growth. 

The fertility is often so enfeebled that the hybrids either do not flow’er 
{Rhododendron, K'pilohinm), or are steri’e and do not rejproducc themselves 
sexually. This eiifoeblement of the sexuality generally increases the more remote 
is the relationshiij of the ancestral forms. Other hybrids such as those of Salix 
and Hicracium remain fertile. 

Hybrids, particularly those from nearly related parents, frequently produce 
more vigorous vegetative organs, they bloom earlier, longer, and more profusely 
than the uncrossed plants, while at the same time the flowers are larger, more 
brilliant, and exhibit a tendency to become double. The luxuriance of growth and 
the increased tendency to produce varieties dis{>layed by the hybrids have made 
tlie whole subject of hybridisation one of great practical importance for horticulture 
and agriculture. 

Inheritance in Hybrids (^^®). — By tlie experimental study of 
hybridisation, the sexuality of plants, for a long time doubted, was 
indisputably proven. With this object in view, hybrids were raised 
in great numbers by Kolkeuter as early as 1761. It is now the 
problems of inheritance connected with hybridisation that are the 
main centres of interest. For the study of heredity, however, 
hybrids between species are far too complicated. It was by using 
closely related forms that Gregor Mendel at Bi-iinn discovered in 
1866 certain laws, which, however, did not attract attention or 
influence the progress of investigation till after 1 900. At this 
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date they were re-discovered simultaneously by De Vries, Cokrkns, 
and Tscheumak. In order to obtain these laws or rules Mkndel 
required to follow the behaviour of the hybrids through a number of 
generations, taking statistical account of all the individuals that result. 

1. Law of the Uniformity of Hybrids.— When both the parents 
are homozygotie all the hybrids in the first (F^) generation are alike. 
They may either be intermediate in character between the parents 
(intermediate inheritance), or they may almost or quite completely 
resemble one of the parents (dominant or prevalent inheritance). 

An example of intermediate inheritance is afforded by the hybrids 
between Mirahilis jalapa rosea, and M, jalapa alha, two races of this 



Fi<i. 2i^S.—MirahUis alha and rosea. With the hybrid between, tliern in tho first 

and second generations. (Diagram. After Cokkkns.) 

plant belonging to the Nyctaginaceae, wdiich only differ in the white 
or red colour of the flowers (Fig. 268). The hybrid bet^veeti two 
stinging nettles, Urtica pilulifera and U, dodarfii, is an example of 
dominant inheritance ; the former has markedly serrate leaves, while 
these are almost entire in U, dodariii. In this case the first hybrid 
generation can hardly be distinguished from U. pilulifera, since all 
the plants have the serrate type of leaf (Fig. 269y. It required a 
detailed investigation by Correns to show that there was a slight 
difference, at least in the young plants, between the hybrid and this 
parent form. In this case Urtica pilulifera is said to behave as the 
dominant form, while U, dodariii is the recessive. It is impossible to 
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predict which characters will domitiate in inheritance, and only 
experience can decide the point. 

2. Law of SFOiiEOATroN. — In the second (F^,) generation obtained 
by the pollination of flowers of the with pollen from among 
themselves the [dants are no longer all alike, but are of different types 
that appear in regular proportions. In the simplest cases, such 
as those of 3Iimhilis and UriicAi described above, where the parents 
differ in a single character, the regular composition of the F.^ g(‘ncra- 
tion is readily recognised. In Mirahllis three types a})pear in definite 



Fia. 269. — Tilt' hybrid bel ween Urtica pihUifera and Urfun Dothrtii in three generations. 
(Diagram. After Correnb.) 


proportions, 50 per cent which have the characters of the plants of 
the first hybrid generation, 25 per cent resembling the one parent- 
plant and 25 per cent the other. When the plants flower these three 
groups have rose-coloured, red, and white flowers respectively (Fig. 
268). To the extent of one-half of the progeny the characters of tlie 
hybrid have segregated, so that one quarter of the progeny are pure 
paternal plants and one quarter are pure and resemble the original 
female parent; only the remaining half are of hybrid nature. The 
correctness of this interpretation is shown in the third and following 
generations ; it is found that the red- or white-flowered ' plants of the 
second generation when self-pollinated reproduce their type truly, 
while the progeny of the plants with rose-coloured flowers segregate 
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in the same proportions as before. The phenomenon is termed the 
segregation of hyl)rids. In successive generations the hybrids with 
rose-coloured flowers form a diminishing proportion of the total 
progeny while that of the red- and whitc-llowered plants increases. 
In the eighth generation there will be only 0*75 per cent hybrids, and 
this small proportion continues to diminish with segregation. 

When one of the characters is dominant the appearances resulting 
from segregation are somewhat different, as is shown for Urtica in 
Fig. 270. In the second generation 25 per cent of the plants resemble 
77. dodartii^ and are found to breed true in subsequent generations; 
75 per cent have the characters of 77. jdluUfera, but the test of further 
breeding shows that these are not all of the same type ; one third of 
them are pure 77. 'pilulifera, while two-thii*ds prove to be of hybrid 
nature. The latter in the next generation segregate in the same 
apparent proportions as in the second generation, i.e. 3:1. 

The explanation of the law of segregation since the time of 
Mkndel has bt^en on the lines of assuming that the unlike detei- 
minants present in the hetcrozygotic hybrid separate in the formation 
of the sexual cells. Thus the sexual cells of the rose-flowcrcd hybrid 
Mirabilis no longer possess the hybrid character, but are divided into 
one-half “ red ” and one-half “ white homozygotic gametes. In the 
fusions at fertilisation the combinations leading to the production of 
hybrids, red x white (white ? x red (J , red $ x white (J ) will be twice 
as numerous as the combinations red x red or white x white. 

The facts in such questions of inheritance can be conveniently 
represented by means of symbols. The individual determinants or 
genes are denoted by letters. If a particular plant has the 
determinants A, B, C, D . . . X, its descendants in a pure culture will 
have the genetic formula A A, BB, CC, DD ... XX, since the same 
determinants are contributed by both the father and the mother. If, 
however, the two germ-cells differ as regards one determinant, the 
descendant will be heterozygotic in respect of this. Thus if the 
determinant for the red colour in Mirahilis is denoted by K, the 
corresponding not-red {i,e. white) gene will be denoted by r. 


In this particular case it would be equally natural to employ the capital letter 
for the determinant for white, and to denote red, or not- white, by the small letter. 
When, however, one of the characters is dominant it is always denoted by the 
capital letter and the corresponding recessive character by the .small letter. 

If, therefore, all pairs of like characters are omitted the symbolic representation 
for the inheritance in the case of Mirabilis takes the following form : 

Parents RR (red) rr (white) 

the sexual cells of which | ^ ^ ^ J 

Hybrid 1st Generation Rr (rose) 

6 50% R 
9 50% R 


the sexual cells of which 
Combinations of these 


50% 


RR, Rr, rR, rr. 


50% r 
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The last line shows the segregation which will be evident in the second 
generation ; 25 per cent RR will liave red flowers, 25 j)er cent rr will have white 
flowers ; both are homo;!ygotes. Fifty per cent, however, are heterozygotes, Rr, and 
these w'ill have rose-coloured flowers and will in turn segregate. If, however, red 
were dominant to white it could be inferred from this line that in the second 
generation 25 j>er cent white-llowcrcd and 75 per cent red-flowcred plants w'ould 
arise, and that one-third of the latter would be homozygotic and two-thirds 
heterozygotic. 

3. Law of the Autonomy of Characters. — When the parents 
differ in two characters instead of only one, dihybrids instead of 
monohybrids result. It then appears that the two characters which 
arc connected with one another in the homozygotic parents separate 
from one another in the process of segregation and are distril)nted 
inde])endently in the progeny (AUTONOMY of characters). Thus new 
combinations of characters come about in the F., generation, a 
fact of great importance both in plant-breeding and in the behaviour of 
plants in Nature. From crossing a variety of maize with smooth white 
grains and one with wrinkled blue grains, races with smooth blue and 
wrinkled white grains arise as new combinations. 

This result can readily be arrived at by considering the following symbolic 
representation. Since smooth is dominant to wrinkled they arc denoted by S and 
s respecitively ; similarly since blue is dominant to white they arc written as B and 
b respectively. 


Parents 

Sb 


sB 

1st Generation 


Ss Bb 




smooth blue 


Germ cells of this 

SB 

Sb sB 

sb 


Combinations of these germ cells : 


SB 

SB 

SB 

SB 

SB 

Sti i 

sB 

sb 

smooth 

smooth 

smooth 

smooth 

blue 

blue 

blue 

blue 

Sb 

Sb 

Sb 

• Sb 

SB 

Sb 

sB 

sb 

smooth 

smooth 

smooth 

smooth 

blue 

white 

blue 

white 

sB 

sB 

bB 

sB 

SB 

Sb 

bB 

sb 

smooth 

smooth 

wrinkled 

wrinkled 

blue 

blue 

blue 

blue 

sb 

sb 

sb 

Bb 

SB 

Sb 

sB 

Bb 

smooth 

smooth 

wrinkled 

wrinkled 

blue 

white 

blue 

white 


It can bo ascertained from this scheme that the following segregation has taken 
jdace : 

9 smooth blue ; 3 smooth white ; 3 w’rinkled blue ; 1 wrinkled white. 
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The symbols further sliow that only 4 of the 16 combinations are homozygotic, viz. : 

SH Sb sB sb 

^^B Sb sB sb. 

The 12 other combinations are heterozygotic and will segregate in the next 
generation. 

The most important conclusion to be drawn from these investigations 
into heredity is this : That two organisms with qujtk different 

DETERMINANTS MAY ABREAR QUITE SIMII.AR ; THE TYPE EVIDENT TO 
EXTERNAL OBSERVATION (PHENOTYPE) MAY BE ALIKE IN THE TWO AND 
YET THE TYPE AS REGARDS THE DETERMINANTS (gENOTYPE) BE 
DIFFERENT. TlIUS ONLY BY GENETIC ANALYSIS AND NOT FROM 
EXTERNAL APPEARANCE CAN THE EQUIPMENT OF DETERMINANTS BE 
J)IS(U:)VERED. 

Back-Crossing. — The result of crossing a hybrid with one of the 
parent forms can be most easily understood b}" employing the 
symbolic notation. If a ]>lant AA is crossed with the hybrid Aa the 
former will juoducc germ-cells of the one kind A, while the germ- 
cells of the hybrid will be A and a. It follows that in 50 per cent 
of the cases A will meet with A and in the other 50 ])er cent A with 
a. Half of the resulting jdants will therefore be of hybrid nature 
and half of the type of the pure parent form. 

Determination of Sex It lias been found that the inheritance of sex in 

dioecious plants fo]low.s tlie scheme for (5rossing back just considered. The funda- 
mental investigations on tliis point are those of CoiiREKs, who crossed the dioecious 
Bnjonia dUnca with the monoecious Briionia alha. The female flowers Bryonia 
alba, when fertilised hy the pollen of Btyovia dioica, gave 50 })er cent male plants 
and 50 ])cr cent female pl nits. Cohiiens’ explanation of this result is based on 
regarding dioecious plants as consisting in a sense of two strains which can only 
be maintained by crossing. The male character is dominant, the female recessive, 
ill a cross. Female plants must he lioniozygotic for the sex factors (aa) and jirodiice 
only one type of sexual cell (a) ; the male plants are heterozygotic (Aa) and their 
sexual cells as a result of segregation are of two kinds, viz., 50 per cent A and 50 
per cent a. As in tlic back -crossing of a liybrid with one of its parent forms, the 
result of fertilisation will here be that in half the cases the factors aa are combined, 
whieli gives female-plants ; and in half the cases the factors A and a, whicli, since 
A is dominant, gives male plants. The assumption that the female plant is homo- 
zygotic with the genetic formula aa, and the male plant heterozygotic with the 
formula Aa, explain.s wJiy the tw'o sexes are met with in Nature in approximately 
equal numbers. Since there is no means of influencing the pairing of the sexual 
cells, tills proportion cannot be modified experimentally. Coukens has, however, 
been fortunate enough to do this in some other cases, e,y. Melandrivm, If the 
stigma of this plant is ]iollinatcd with relatively little pollen, 43 per cent of male 
plants are obtained, but only 30 per cent if a large amount of pollen is used. 
CoiiKKNs ex}»lains this by the pollen-tubes of the pollen -grains with the deter- 
minant a, those tliat give rise to female-plants, growing more quickly. ‘ When 
there is an excess of jiollen there is a competition between the two kinds of pollen- 
tubes ; those that grow more rapidly being more likely to effect fertilisation than 
the slower growing tubes. The two types of pollen-grain can also be distinguished 
in other ways, e,g. by their resistance to heat and to alcohol. 

Y 
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Nurnerous inveatigations in recent years indicate that sex ia determined in 
dillerent ways in the various groups of plant‘d. In the Arcliegoniatae and Sj)erina- 
tophyta four types may he distinguished, as Coiuiens has pointed out. 

Type. 1. Tlie sim}>lest relations are found in monoecious Bryophyta and the 
Ferns. Every cell is capable of giving rise to male and female sexual organs 
(antheridia and archegonia). 

Type 2. In hermaphrodite or riiom^ecious flowering- plants, the relations which 
exist can be rcjwesented in the same way. 

Type 3. In dioecious Bryophyta the case is different, for here the separation 
of male and female plants has already taken place in the sjiores. At the reduction 
division each spore-mother-cell gives rise to two 6 and two 9 spores. 

Type 4. The same holds for dioecious Flowering Plants, which have been 
considered above. 

Validity of the Three Mendelian Laws. — These rules are not 
limited to hybrids in the narrow sense of the word, but have an 
extensive application to inheritance in both the animal and vegetable 
kingdoms. It cannot be said that there are not other laws followed in 
inheritance, for there are already well-investigated cases which do not 
conform to the Mendelian laws On the other hand, it is note- 

worthy that many phenomena which at first appeared to contradict 
these rules have proved on further investigation to be consistent with 
them. 

Some facts which at first siglit are diflicult to understand can be explained on 
Mendelian lines. Thus it has been observed that the hybrid between a wdiite- 
llowered and a pale yellow Antirrhinum does not have very pale yellow flowers, 
but these are red. In the second generation segregation, as usual, occurs ; there 
result 3 red, 6 pale red, 3 pale yellow, and 4 white-flowered plants. The full 
explanation of this cannot be given here, but the case is cited to indicate that the 
red colour is without doubt that of the ancestral form from which both the white 
and the pale yellow varieties have been derived. Thus in hybridisation ancestral 
characters may reapjiear (atavism) ; this is a frequent experience of fjreeders. 

The Chromosomes as Bearers of the Segregrating* Genes — 

The chromosomes are shown by numerous investigations to be of 
importance as bearing the material on which inheritance depends, 
i,e, as containing the genes (cf. p. 188). From this consideration the 
Mendelian laws, especially that of segregation, can be very simply 
understood, as may be shown by the following example (Fig. 270). 

Mirahilis has 16 chromosomes in its somatic cells, but for simplicity only 8 
are rex>resented in the figures. The hereditary factors for red and white are re- 
garded as localised in the largest of the chromosomes, the determinant for red 
being represented by a black dot and that for white by a circle of corresponding 
size. The diploid hybrid plant produced on fertilisation has derived four chromo- 
somes from the father and four from the mother ; among its determinants are 
therefore one with the determinant for red and one with the determinant for white 
flowers, and this is expressed by the rose-coloured flowers. The phenomenon of 
segregation, when the hybrid is self-pollinated, can readily be understood in the 
same way. 
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There are many genes in a clironiosonie. In every plant therefore 
there are groups of genes which ])y reason of their position in a 
chromosome are linked together. Typical segregation can only be 
shown by such genes as are situated in different chromosonies. Recent 
researches, especially of Morgan and his school, have demoTJstrated 
that there are really only as many groups of genes which can segregate 
independently as there are chromosomes. 

Ill the reduction division there is a se]>aration of entire chromosonies. It may 
hapjien that the original chromosoniCK before the s<‘}»arjition is eifected do not lie 

C^ells of plants with 

ml tiowers. white flowers. 



A 


Sexual cells of the 

r<ul-ll()wer(!<l forni. white-flowcred fnmi. 



B 


Celts of the ro.se-c*(»lonred hybrid form. 



c 

Fio. 270, — The chrom(ts<ime8 in the cros.sing of red and white forms of Miralnlia jalapa. 

(After (ioLDscnMiDT.) 

parallel and that tlie longitudinal division then results in the new chromosomes 
being each composed of halves from the two original chromosomes, as is illustrated 
by the diagram in Fig. 271. This phenomenon, which is of great imj^ortance in 
genetics is known as “crossing over” 

Variability — Ry variability is understood the fact that the 
individuals belonging to any species are not all nViko, Frequently 
the variability is only apparent, the species not having been properly 
defined. Thus in Bosa, Buhvs, Draha vemay etc., there are many 
species that closely resemble one another. The impression given of a 
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‘‘ varying ” species is in these cases a comi>letely false one ; each 
of the “ KLEMENTAUY SPECIES of which the “ COLLECTIVE SPECIES ” 
is composed, proves to be constant and does not exhibit transitions to 
the other elementary species. Such cases arc to be left out of 
consideration here. We are concerned with the most strictly limited 
species, if possible with the descendants of a single self-fertilised 
and therefore hoinozygotic plant constituting what is known as a 
pure line (eloilANNSEN). It is found that these also vary. The 
process of variation and the varieties can be traced to two causes 



Fio. 271.— Diagrams t.o illustrate “crossing over”. 


and are therefore distinguished as modifications and mutations. 
To these must be added the combinations originating from crossing. 

Modifications. — This name is given to variations which have 
been produced by external factors. It has already been pointed out 
(p. 283 ff.) in what way innumerable external factors influence the form 
of the plant. In order to ascertain the full capacity for modification 
of any plant it is necessary to cultivate it under all conditions under 
which it can exist. Such investigations have been carried out with 
success by Klebs. If it were possible to grow two plants of the 
same origin under completely identical conditions they would neces- 
sarily be indistinguishable. In practice this is never possible, and 
therefore the homozygotic individuals of a pure line show many 
quantitative difft^rences oven under the most uniform cultivation 
possible. For example, the seeds of a pure line of Bean can be sorted 
into a number of groups according to their weights, and the number 
in each group or category ascertained. The result of such an 
investigation is the curve in Fig. 272, which shows that the weight- 
categories that occur most frequently are those closest to the average 
weight, and that the farther a category is from the average the fewer 
are the individuals belonging to it. Practically all statistical investi- 
gations of variation conform to this result. The variation curves 
thus obtained agree more or less closely with the so-called curve of 
chance. This is readily understood, for there are always several 
external factors acting which may result in either an increase or 
diminution of the size, number, or weight of the beans under 
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consideration. Only chance decides which effect takes place. Thus 
only rarely will all the factors make for diminution or all the factors 
for increase ; more frequently the factors will be combined so as to 
determine an intermediate result. If a seed of a pure line is sown 
it is indifferent whether one starts from a small, medium, or large 
specimen. The variation curve of the next generation will not differ 
from that of the generation to which the seed belonged. Such 
modifications persist only as long as, or but little longer than, the 
action of the causes giving rise to them. 

Practical experience seems at first sight to contradict this 
result. In the process of sklkction a plant with special properties 
is chosen from a large number 


and the same characters ajipear 
to recur fre(|uently in its 
descendants. This depends on 
the fact that in this case a 
single ])Ui‘e line has been isolated 
from what was really a mixture 
of a number of different races 
or lines. The characteristic 
properties of the selected line 
are continued in the descend- 
ants. If the material to begin 
wdth is really pure, selection 
has no effect. 

Combinations. — Pure lines 
can only be maintained by 
continuing self-fertilisation or 
by vegetative propagation. On 
cioss-pollination, even between 
the pure lines of the same 
species, heterozygotes usually 
result. The determinants and 
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Kio. 272. — Vurial.ion ciii-vn of tlie weij^lils of Brans 
of a pure lino (Johannsen’s Jnnr K). (Aftrr 
Battr.) 


characters of the pure lines are variously mingled in such individuals. 
This form of variation is superficially not distinguishable from modi- 
fication, for it may also show the curve of chance. It is, however, 
essentially different; for the different individuals have arisen by 
the mingling of determinants and their subsequent segregation accord- 
ing to Mendelian laws. This form of variation, which is inheritable, 
is termed combination. 


Mutations (^2*^) are variations that are distinguished from com- 
binations in not having arisen by hybridisation, but resemble them in 
being inherited. Mutations can only be recognised with certainty 
under experimental conditions when in the descendants of a pure line 
individuals appear which possess a new character or are wanting in 
a character of the parent organism, the departure being maintained 
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in theii- offspring. The appearance of such mutations has been 
frequently observed in cultures. Baur found on an iiverage 2 i>er 
cent of mutants in the seeilliiigs of his cultures of Ant'nrhinmn. It is also 
highly probable that many variations met with in Nature should be 
regarded as mutations. Thus, for example, OlieJidomum ladniaium, a 
mutation of Chelidonmni mnjus with incised leaves, was found at 
Heidelberg in 15!)0 (Fig. 273). Fmgraria monophiilla^ which was first 



Fin. 273. — Habit of 7, Chelidoniuw < 'helidonium vmjus lacimatnm, (Afltn‘ Lhumann.) 


noticed in 1761, differs from the ancestral form of the Strawberry 
in having simple instead of trifoliate leaves. The remarkable 
Nicotiana tabacuni virgitdea aj)etahi, which arose in a culture of Klebs, 
must be placed here. Many such mutatioris have appeared more than 
once, and this holds also for mutants firising in cultures. Mutants 
remain constant if self-pollinated. These forms usually only differ 
from the parent form in a single character. In the great majority of 
cases this behaves as a recessive character when the mutant is crossed 
with the form from which it arose. But mutations are also known 
which behave as dominants. 

Many cultivated plants are mutations in a single character. Tlie 
incised-leaved form already mentioned is of this nature. Other 
examples are the races of trees with weeping or pyramidal growth, 
and plants with narrow, curly, or reddish leaves. These make their 
appearance especially as seedlings, but in some cases arise vegetatively 
as lateral branches (vegetative mutation). 

It is easy to sec that sucli forms will usually be lieterozygotic. If of sexual 
origin they can only be hoiuozygotic when both the sexual cells concerned had 
mutated in the same way ; if of vegetative origin only if the mutation affects alike 
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the two corrcspoudirig genes of a cell. Both these occurrences will 

obviously be exce})tional. 'J'lius in the cultures of Antirrhinum^ already i nferred 
to, Bafr found only 0*05 lioniozygotic mutants jicr 1000 seedlings. 

Other imitations are known, some of which differ profoundly from those dealt 
with above. It is only possible to mention here the fact that a mutant may dilfer from 
the 2 )arent form in the number of its chromosomes. TJiUs these may be doubled 
and the difference may be manifested in the increased size of the plant. A .si)ecial 
category of mutation-like variations are those known in Oenothn'a lamarcJciana 
and some other s])ecies of tlje genus. They are of hi.storical interest for it was in 
them that De Vries first observed the origin of new' forms. But it is difficult now 
to term these variants true mutations, since Omolhcra lamarckiana is evidently a 
hybrid w'ith the peculiarity that its parent forms are no longer capable of 
existence. 

Origrin of Species — It is only to be noted in this place that, 

so far as can be seen at present, only mutations and combinations can 
be concerned in the production of species, since they only are inherited. 


SECTION 111 
MOVEMENT 

Phenomena of movement are met with in the living plant not less 
generally than those of metabolism and development. Metabolism is 
associated with a continual movement of the raw food-materials, which 
are absorbed, and of the products of metabolism. These movements 
have already been dealt with sufficiently in the first section. In 
addition there exist a number of visible alterations of position exhibited 
either by the whole plant or by its several organs ; these movements 
are, it is true, often very slow but sometimes are (piite sudden. 

Protoplasm itself is capable of different movements both in the 
naked condition and when enclosed by a cell-wall (cf. p. 12). 
Multicellular plants, however, as a rule ultimately attach themselves, 
by means of roots or other organs, to the place of germination, and so 
lose for ever their power of change of position. Instead of this they 
usually possess the power of changing the position and direction of 
their organs by means of curvature. In this way the organs are 
brought into positions necessary or advantageous for the performance 
of their functions. By this means, for example, the stems are directed 
upwards, the roots downwards ; the upper sides of the leaves are turned 
towards the light, climbing plants and tendrils twined about a support, 
and the stems of seedlings so curved that they break through .the soil 
without injury to the young leaves. 

Movements of locomotion and movements of curvature have thus 
to be distinguished. 
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I. MOVEMENTS OF LOCOMOTION 
A. Mechanism of Movements of Locomotion 

Changes of position are brought about by amoeboid movement, 

CILIAIIY MOVEMENT, and the MOVEMENT OF riiOTOPLASM IN (JELLS 
WITH CELL-WALLS. 

The creeping movements of naked protoplasts, such as are shown 
by an amoeba or plasmodmm, in the protrusion, from one or more 
sides, of protuberances which ultimately draw after them the whole 
protoplasmic body, or are themselves again drawn in, are distinguished 
as AMOEBOID MOVEMENTS. These movements resemble, externally, the 
motion of a drop of some viscous fluid on a surface to which it does 
not adhere, and are assumed to be due to surface tension, which the 
protoplasm can at dilferent points increase or diminish by means 
of its quality of irritability. 

By means of local changes of surface-tension, similar amoeboid movements 
are also exhibited by drops of lifeless fluids, such as drops of oil in soap solution, 
drops of an oily emulsion in water, or drops of mercury in 20 per cent solution of 
potassium nitrate in contact with crystals of potassium bichromate. 

In the SWIMMING movements by means of CILIA on the other 
hand, the whole protoplasmic body is not involved, but it possesses 
special organs of motion in the form of whip-like flagella or cilia. 
These, which are so delicate as to be difiicult to see even with high 
magnifications, may be one, two, four, or more in number, and arranged 
in various ways (Figs. 218, 220). They extend through the cell-wall 
when this is present and move very rapidly in the water, imparting 
considerable velocity to the protoplast. The minute swarrn-spores of 
Fuligo varians traverse 1 mm. (sixty times their own length) in a 
second, those of Ulva 0T5 mrn., while others move more slowly. The 
Vibrio of Cholera, one of the most rapidly moving bacteria, takes 22 
seconds to traverse a millimetre. 

The cilia not only give rise to a forward movement, either in a straight or 
spiral line, but cause the whole organism to revolve around its longitudinal axis. 
In Spirillum it was found by Mktzner that 40 revolutions of the cilia and 13 of 
the bacterium as a whole took place in each second. The details of the activity of 
cilia exhibit considerable variety. A swimming movement can bo effected even by 
a simple oscillation of a curved cilium surrounded by a conical sheath. In other 
cases, however, the cilium has the form of a screw, which like the screw or 
propeller of a ship, determines by the direction of rotation a movement forwards or 
backwards. While the propeller is attached to an axis and moved by the rotation 
of the latter, the cilium, which is attached by its base to the organism, lias to 
continually reproduce its screw-like shape during the movement. According to 
BflTscHLi this occurs by a spirally running line of maximum contraction continually 
moving rouml the cilium. It is not possible to enter further here into other and 
more complicated types of ciliary movement. 
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Diatoms tixhibit a different class of movoraents. The Diatoms whicli have a 
slit or raphe in the siliceous cell-wall glide along, usually in a line with their 
longitudinal axis, and change the direction of their movements by oscillatory 
motions. I^rom the manner in which small particles in their neighbourhood are 
set in motion, it is concluded that there exists a current of proto[)lasm, which 
extends to the outside through tho raphe; this, according to 0 . Muli.er, is the 
cause of the movement The cells of Dcsniidiaccao clfcct their peculiar 

movements by local excretions of mucilage. The Oscillarieac ap])car to behave 
similarly 

Ill addition to such changes of place of whole cells there are also 
iriovements of the protoplasm within the cell-wall. Of these move- 
ments ROTATION and CIRCULATION (cf. p. 13) have to be distinguished. 

In these jiiovcmeiits the outermost layer of protoplasm in contact with the cell- 
wall remains at rest; the movement cannot thus be comj>arcd to that of an 
arnotiba enclosed in a coll. The movement continues wlion tlic protojdasm has 
been detached from the C(dl-wall. Its cause must be looked for in changes of tlie 
surfaco-tensioiis between the protoplasm and the ccll-sap. 


B. The Conditions of Locomotion 

Since these movements are due to protoplasm and its organs it 
will be readily understood that they depend on the general conditions 
for the life of the protoplasm. The existence and the activity of all 
these movements thus depend especially on a favourable temperature, 
and in aerobic plants (cf. p. 271) on the presence of free oxygen. The 
protoplasmic movement can, however, continue for weeks in the absence 
of oxygen in the case of facultative anaerobes like Nitella, Ceitain 
bacteria that are obligate anaero))es lose their motility on the entrance 
of oxygen ; on the other liand, aerobic Bacteria which have ceased to 
move in the absence of oxygen resume their movement when a supply 
of this gas is available (p. 241). On overstepping the minimum or the 
maximum for these factors a loss of motility or a condition of rigor 
results. Thus we speak of cold-rigor, heat-rigor, etc. This condition 
can be removed by a return of the favourable conditions, but if it lasts 
long enough will ultimately lead to death. 

In some cases it is sufficient that these general conditions of life 
should be present, but in others the movement only results on the 
application of special external stimuli. 

Fitting has recently shown that the cells of Vallisneria exhibit no movements 
in pure water, but only when various substances are dissolved in it. By far the 
most etiective among those substances which he investigated are the amino-acids. 
Even the slightest trace starts the movement, the threshold king as deep as in 
the case of many animal hormones. One milligramme dissolved in 30-80 litres of 
water corresponds to this lower limit. This means that, if the calculation is based 
on the volume of an average sized cell of the mesophyll of Vallisneria, the one 
ten-billionth of a milligramme is elfective (*27«). Light also has a great influence 
on the movement of protoplasm. In colls of Vallisneria, which have become 
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sufiicieiitly accustomed to the dark, relatively small amounts of light will call 
forth protoplasmic movcnieiits. With an intensity of light amounting to 22*2 
metre-candles the time of illumination need only be 80 seconds. Even a light of 
0*5 metre-candle, if allowed to act fora sufficient time, will start the movement. 
It has been found that the inovenieiits of some bacteria are awakened by light, or 
by a sufficient concentration of tlie medium. 

In giving a definite <liroction to movements of locomotion, 
external stimuli play a very special part. In the absence of such 
directive stimuli motile organisms move without a destination. 

C. Tactic Movements 

The main directive stimuli are one-sided illumination and dissolved 
substances unequally distributed through the water. The directive 
movements brought about by such, factors are termed tactic; that 
effected by light is phototaxis, and that by tlissolvcd substances 
chemotaxis. (Other tactic movements, see p. .3133.) 

The resulting movements bring the freely motile plant or the 
motile organ of a cell either towards or away from the stimulus ; in 
the former case the taxis is positive, and in the latter negative. The 
nature of the reaction frequently depends not only on the object, but 
on the external conditions. 

A distinction is made between Tone reactions in which, owing to local differ- 
ences of the strength of the stimulus, the reac.ting organism orientates itself and 
moves in the direction of the effective stimulus, and nioine reactions in which a 
variation in the strength or quality of the stimulus results in a movement wliich 
is against the stimulus but not in a definite direction. 

1. Phototaxis 

Phototactic movements may be best observed when a glass vessel 
containing water in which are Volvocineae or swarm-spores of algae 
is exposed to one-sided illumination from a window. After a short 
time the uniform green tint of tlie water disappears, since the motile 
organisms have all accumulated at the better-illuminated side of the 
vessel. If the latter is turned through an angle of 180° the algae 
hasten to the side which is now illuminated. If, however, a stronger 
light, such as direct sunlight, is allowed to fall on the vessel the same 
organisms which till now have reacted i)Ositively become negatively 
phototactic and swim away from the source of light. Other external 
factors may have a similar effect. 

Insome organisms without chlorophyll, suchastheplasmodiaof the Myxomycetes, 
there is usually only a negative reaction, even to light of low intensity. There are 
also colourless organisms which have a positive phototactic reaction. 

In the case of phototaxis both phobic and topic reactions are known. Certain 
bacteria especially react in a purely phobotactic manner, responding by a move- 
ment backwards to the change from light to darkness. They thus remain in an 
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illuminated spot, since when their irioveinciit takes them into the dark they 
iiiove back. Other phobotactic organisms, (\<f. Eiiglena^ often react in an 
apparently topotactic manner (psriido-to]»otactic), since, owing to their morpho- 
logical and physiological asymmolry, successive phobotactic reactions may lead 
to their placing themselves in the direction of the light. The purely topotactic 
organisms [e.g. Folvox), which, owing to localised differences in the strength of 
the stimulus in their bodies, move towards the direction of the stimulus, may also 
show apparently phobic reactions (pseudo- pliolmtactic reactions). This happens 
when the conditions of to])otaxis, the local differences in strength of stimnlus, are 
somewhat wanting, r.g. when a stimulus act.s on all sides. Both pseudo-topotactic 
and purely topotactic organisms exhibit ]K)sitivc and negative ]>lioto taxis. If rays 
of light fall in various directions simultaneously on .such organisms they move in 
the line of the resultant light. This “law of the resultant” holds not merely as 
regards direction but also as regards inten.sity. 

Under experimental conditions with convergent light it is possible to induce 
negatively topotactic swarm-spores to move to brighter and brighter zones in 
increasing their distance from the source of light. But in Nature the phototactic 
moveineTits of organisms doubtless lead them to positions of ojttimal brightness. 

A very striking example of phototaxis is afforded by the chloro- 
plasts, the mechanisni of the movements of which is still quite un- 
known These movements have the result of bringing the chloro- 

phyll-gniin into such a position that it can obtain an optimal amount 
of light. This object is sometimes attained by rotation of the chloro- 
plast, and sometimes by its movement to another position in the cell 

In the filamentous Alga Mesoearjms^ the cliloroplast has the form of a single 
plate suspended length-wise in each cylindrical cell. In light of moderate intensity 
they place themselves transversely to the source of light, so tliat they are fully 
illuminated (transverse position) ; when, on the other hand, they are exposed to 
direct sunlight, the chlorophyll plates are so turned that their edges are directed 
towards the source of light (profile position). 

In the leaves of mosses and of the higher plants and in fern prothalli change in 
po.sition of the numerous chloroplasts is effected by their movement in relation to 
the walls of the cells. In moderate light the chloroplasts are crowded along 
the walls which arc at right angles to the direction of the rays of light (Fig. 274 T). 
They, however, quickly pass over to the walls parallel to the rays of light as soon 
as the light becomes too intense, and so retreat as far as possible from its action 
(Fig. 274 S). In darkness or in Aveak light the chloroplasts group themselves in 
still a third way (Fig. ‘274 N), determined by chemotactic influences from neigh- 
bouring cells. 

In corres|)ondence with the changes in the po.sition of the chloroplasts, the 
colouring of green organs naturally becomes modified. lu direct sunshine they 
appear lighter, in diffused light a darker green. The form of the chlorophyll- 
grains themselves undergoes modification during changes in their illumination ; in 
moderate light they become flattened, while in light of greater intensity they are 
smaller and thicker. 


2. Ghemotaxis 

Chemotaxis results, as mentioned above, from the unequal distribu- 
tion of substances dissolved in water. Positive chemotaxis leads to 
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the irritable plants accumulating in the region of higher concentration 
of the chemotactic inateriaL 


Such substances arc of definite nature. Thus, for example, many 
bacteria are “attracted” by particular organic or inorganic food- 
materials, ejj. peptone, sugar, meat-extract, i)hosphates, etc., while 



they are “ repelled ” by other substances 
such as acids and alkalies. While the 
cheniotaxis here serves the process of 
nutrition, its use is different in the case 
of spermatozoids ; these male sexual 
cells are thus attracted to the egg-cells. 
Fig. 356 shows the chemotactic attrac- 
tion of the spermatozoids by the female 
sexual cell of Eciomrj)vs. Nuclei and 
chloroplasts may also show chemotactic 
movements. 

The positive cheniotaxis of motile 
organisms has beeii demonstrated since 
the time of Pfeffer by mounting the 
chemotacticiilly irritable organisms in 
water under a cover-glass, and intro- 
ducing beneath this a capillary tube 
filled with the chemotactic substance. 
After a short time there is an accumu- 



Fio. 274.— Varying i)ositi<)Ti8 taken by the 
fhloroi)hyll grainsi in the cells of 
Lenina trisulca in illumination of (iiffev- 


lation of the chemotactic organisms 
in, and at the mouth of, the capillary 
tube. 

Some of tlie organisms when they have 
entered the field of diffusion place themselves 
in the direction of the gradient and move 
directly towards the centre of diffusion (topic 
reaction). Others arrive hy chance at the 
mouth of the capillary tube and are then 
prevented from moving away by a pliobic 
reaction. 


ent intensity. T, in ditfuse daylight ; 

.S’, in direct sunlight; N, at night. Tho spermatozoids of Fcms are 

The arrows indicate the direction of attracted tO tllC nCck of the archcgOnium 
thehght. (AfterSTAHL.) , ,. ® , 

by malic acid or its salts ; the same result 
comes about in the Lycopods from citric acid, in the Mosses from cane- 
sugar and in the Marchantiaceae from albumin. Frequently the most 
minute amounts of the substance are effective. Thus a 0*001% solution 
of malic acid is sufficient to attract the fern-spermatozoids swimming in 
pure water. This minimal concentration of the chemotactic substance 
which determines by means of the capillary method a recognisable 
accumulation of the chemotactically sensitive organisms is termed the 
.stimulus- threshold. The chemotactic movements only take place when 
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the distribution of the chemotactic^illy active substance is une(|ual and 
a diffusion gradient exists. But homogeneous solutions of the chemo- 
tactic substances are not without influence, for they diminish the 
sensibility of the organisms. By employing a homogeneous solution 
of the chemotactic substance the stimulus-threshold of the organism is 
raised ; this follows a definite law. Thus in the case of the sjiermato- 
zoids of fei ns the following values were found by Pfei'feii : 


In water. 

,, 0*000.5% malic acid 
„ 0 * 001 % „ ,, 

„ 0*01% ,, 


St i in !iliis-tlimsho]<l. 
0'00]% malic acid 

o-oif.% „ „ 

ooa% „ „ 

o--^% „ „ 


This shows that the same relation must always hold between the .solution 
around the organisms and that acting chemotaetieally on them ; the 
latter must be 30 times more concentrated than the former, 'i'his 
is known by the name of Weufr’s law and closely resembles the law 
of the same name in j)S3*cho-physics. 

If chemotaxis is determined by oxygen it is called AKUotaxis. 
It has been seen that bacteria which react in this way can be used to 
demonstrate the liberation of oxygen in carbon-assimilation (p. 241). 
In this case there is a positive aerotaxis of typical aeiobionts, but on 
the other hand true anaerobionts exhibit a negative chemotaxis. 
Certain bacteria which are adapted to live at detinite low pressures 
of oxygen can react to concentrations of this gas by })ositive or 
negative movements and thus seek out their optimal pre.ssure of 
oxygen. 


The phenomenon of uyujigtaxis, a directive movement duo to the unequal 
distribution of water-vapour in the air, may he associated with clieinotaxis. A 
positive hydrotaxis is shown by the ))lasmodia of Myxomycetes, and this j)asses 
into negative hydrotaxis at the time of spore -formation. 

There are many other tactic movements in addition to tliose that liave been 
mentioned. Osmotaxis is the term employed when the assembling of motile 
organisms is brought about not by the chemical nature of a solution but simply by 
its concentration. In' thkiimotaxis it is the unequal distribution of heat, in 
GALVANOTAXis the electric current, and in juikotaxis water -currents which 
determine the movements of tlie organisms 


II. MOVEMENTS OF CURVATURE 

The kinds of curvature which may take place iu the organs of 
attached plants are illustrated by Fig. 275. A four-angled prism 
is of equal length* along each of its angles. If it is bt.it in one plane 
the angles of the concave side must become markedly shorter than 
those of the convex side. An elongation of one side or a shortening of 
the other side or simultaneous lengthening of one side and shortening 
of the opposite side must lead to curvature. When in this process of 
bending the column remain^ in one plane, it is spoken of simply as 
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curved. When, however, it passes out of the one plane so that the 
bending follows a line oblique to the longitudinal axis it is spirally 
wound {IV). Lastly, when the column remains as a whole straight 
but its angles follow spiral lines, it is termed twisted {III). The 
torsion comes about by a difference in length between the middle line 
and the angles ; all the latter are of equal length. 

Ways in which Curvatures are produced. — In the production of 
curvatures we are always concerned, as has just been shown, with 
changes in the dimensions of an organ due to unequal lengthening or 



/ H 

Fia. 27rt. — Foiir-angled ]»ri.sm. /, Straight; //, (Mirvcd ; 
J/i, twislrd ; IV, spirally 'woumi. 


shortening. In bringing about these changes in dimension the follow- 
ing means are employed by the plant : 

1. Growth. This can only lead to elongation. 

2. Turgor-pressure. This can effect an elongation or a shortening 

according as it is increased or diminished. 

3. Variations in the amount of water in the cell-wall or in dead 

cells. These also can effect either elongation or shortening. 

According to the means employed in altering the dimensions, 
the curvatures of plants may be divided into growth-curvatures, 
VARIATION MOVEMENTS DEPENDING ON TURGESCENCE, and HYGROSCOPIC 
MOVEMENTS. Since growth and turgor-pressure are vital phenomena, 
i.e. are essentially influenced by the living protoplasm, they will be 
treated below along with the locomotory movements which are 
dependent on the living substance of the plant. The hygroscopic 
movements, on the other hand, are not vital phenomena ; they may 
occur in living organs, but equally well in dying or dead organs, and 
are brought about exclusively by external factors. The protoplasm 
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only plays a part in these movements in that it has led to such a 
construction of the organs that changes in the amount of water present 
produce curvatures and not a simple change in length. 

A. Hygroscopic Movements 

Two quite distinct types of movement are included in the 
hygroscopic movements. In the first, which are termed imbibition 
MECHANISMS the cell-walls increase in size on swelling or contract 
on shrinking. 

The swelling depends on the fact that the water of imbibition is 
not contained in cavities like those in a porous body (such as a sponge 
or a piece of plaster of Paris) that contaifi the capillary water, but 
in being absorbed has to force apart the minute particles of the cell- 
wall. Conversely these particles approach one another again when 
the imlnbition water evaporates and shrinking takes i)lacc. AYhen on 
diflerent sides of an organ there are cell-walls or layers of the wall 
which differ in their powers of imbibition, (Mirvaturcs must take place 
every time the organ is moistened or dries. Though we are here 
dealing with purely physical phenomena, they may possess great 
importance for the plant. 

The rupture of ripe seed-vessels, as well as their deliisceiujo by the opening of 
special apertures, is a coiise(jucnce of tlie unequal contraction of the cell-walls duo 
to desiccation. At the same time, by the sudden relaxation of the tension, the 
seeds are often shot out to a great distance {Euphorbia, Gcranivw^ etc.). This 
dehiscence on drying is termed xekoohasy, and is contrasted with the opening of 
the fruits and dispersal of the seeds in some desert ]>lants when they are moistened 
(hyoroohasy). The best example of tins is the fruit of MeHcmhryantheirmm 
linguiforme, Tlie hehaviour of the “ Rose of Jericho ” {Anastatica hicrochuntica) 
is similar. The whole plant when fruiting dries up, and owing to the unequal 
.shortening of the upper and under .sidc.s of the branches becomes contracted into a 
spherical mass. On the addition of water, the plant resumes its original form, 'its 
fruits open and shed the seeds wliicli arc thus under favourable conditions for 
germination. With Anastatica. some other jJants {e.g. Odontos 2 )crmum) may be 
mentioned, to some of which the name Rose of Jericho is also applied. In certain 
fruits not only curvatures but torsions arc produced as the result of changes in the 
amount of water they contain, e.g, Brodium gruinum (Fig. 276), Stipa ^minata, 
Avena sterilis ; by means of these, the seeds bury themselves in the eartli. If a 
partial fruit of Erodiuni having the form of Fig. 276 A is laid flat on the soil it 
starts a boring movement into the latter owing to differences in the water-content 
of the air. The obliquely backwardly directed hairs on the fruit lead to the 
movement being downwards into the ground. 

The opening or closing of the moss sporogoniuni is, in like n:.\nner, due to the 
hygroscopic movements of the teeth of the peristome surrounding the mouth of 
the capsule. In the case of the Equisetacoae the outer walls of the spores them- 
selves take tlie form of four arms, which, like elaters, are capable of active 
movements. 

In order to call forth imbibition movements the actual presence of liquid water 
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is not necessary, for the cell-walls have the power of absorbing moisture from the 
air. They are hygrosco])ic, and such structures as the fruit of Erodium are used 
to estimate the humidity of the air in hygrometers and weather-glasses. 

The mechanisms which depend on the cohesive power of water 
are distinguished fi*om those depending on imbibition. The cohesion 
MECHANISMS were previously confounded with the latter, from 
which they differ in that, even during the movement, the cell-walls 

It is the lumen of the cell which 
diminishes in size when the loss 
of water, on which the movement 
depends, occurs. A good examjde 
is afforded by the movements of the 
sporangium of the Polypodiaceae on 
drying. The sporangia are stalked, 
biconvex bodies containing the spores 
within a wall composed of one layer 
of cells. While the rest of the wall 
is composed of thin-walled cells, one 
row of peculiarly thickened cells 
forms a vertically placed semicircle 
(Fig. 277 la). The cells of this 
ANNULUS (Fig. 277, 2) have their 
outer walls thin, the lateral walls 
increasingly thickened from the out- 
side inwards, and the inner walls 
thick. On exposure to dry air the 
cells of the annulus gradually lose 
the contained water. The watery 
contents do not, however, sej)arate 
from the cell-wall nor does a rupture 
occur in the licpiid, since the adhesion 
to the wall and the cohesion of the 
molecules of water is very great, 
amounting to more than 300 atmo- 
spheres. A deformation of the cell- 
wall, therefore, follows the dimin- 
ishing water-content ; the thin outer 
wall (Fig. 277, 3) is pulled inwards, thus approximating the thickened 
lateral walls. There thus comes about an energetic one-sided shortening 
of the annulus which leads to the slow opening of the sporangium. 
The majority of the spores remain still attached to the sporangial 
wall. With further loss of water the contained water ultimately 
tears apart from the wall, and the cells of the annulus resume 
their original form. Since this occurs suddenly, the majority of 
the spores are forcibly thrown out, as the sporangium again closes. 
This catapult-like mechanism scatters the spores to a considerable 


remain saturated with water. 
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Fio. 27(). — Parlial fruit of Erodium grvinum. 
A, in the dry condition, coiled ; Ji, moist 
and elongated. (After Nom.,) 
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distance and increases the chance of their finding suitable conditions 
for germination. 

The sporangia of other Vascular Cryptogams and the walls of 
pollen -sacs afford in their opening other examples of cohesion- 
mechanisms. Many hygroscopic curvatures also depend on the 
co-operation of movements depending on imbibition and on cohesion. 


B. Movements of Curvature in the Living Plant 

As in the case of plants which exhibit active locomotion, the 
l)henomena of movement in attached plants may occur when all 
the general conditions of vital phenomena are present, but sometimes 



Fin. 277. - 1. Sporangium of a Polypocliaceous Fern. (After Jost.) 2. Cell.s of annulus in original 
position. .3. Ai't(!r partial evaporation of the water filling them (?/>) ; the upi>er cell-wall («) is 
curved in, while the lower (it) retains its original length. (2, 3 aher Noll.) 


only when a particular factor (stimulus) is acting. The latter deter- 
mines either the amount of the curvature only or its direction also. 
Movements which take place without such specific external stimuli 
are termed AUTONoMic, while the others are termed induced or 
PARATONIC movements. 


1. Autonomic Movements of Curvature 

The growth of the shoot or root in a straight line (with 
the characteristic grand period of growth, dependent, as has been 
shown, wholly on internal causes) is an autonomic movement. A 
number of growth-curvatures or nutations are associated with this 
growth, and it might almost be said that there is hardly such a thing 
as growth in a straight line. The tips of the organs describe extra- 
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ordinarily irregular curves in space ; they exhibit “ circuuinutations,” 
as was discovered by Darwin. While these curvatures are usually so 
slight as not to be perceptible without the aid of special methods, cases 
exist in which organs exhibit very conspicuous, striking, and regular 
autonomic growth-curvatures. 

When the unequal growth is not conlincd to one side, but occurs alternately on 
different sides of an organ, the nutations which result seem even more remarkable. 
Such movements are jMirticularly apparent in the flower-stalk of an Onion, which, 
although finally erect, in a half-grown state often curves over so that its tip touches 
the ground. This extreme curvature is not, however, of long duration, and the 
flower-stalk soon becomes ertict again and bends in another direction. 

If the lino of greatest growth advances in a definite direction around the 
stem, the apex of the latter will exhibit similar rotatory movements (revolving 
nutation). This form of nutation is especially marked in the tendrils and shoots 
of climbing plants, and facilitates their coming in contact with a support. 

Among autonomic movements of curvature an important place is 
occupied by a number which are shown in the development of shoots, 
leaves and flowers. Th(3se have of late been specially investigated by 
Goebel who has given them the appropriate name of “ unfolding 
movements.’^ 

The unfolding of most leaf and flower buds, for example, is a nutation move- 
mont which is induced by the more vigorous growth of the upper side of the young 
leaves (epiiiasty). The same unequal growth, in this case of the under side, mani- 
fests itself most noticeably in the unrolled leaves of E.erns and many Cyoadeae 
(hyponasty). The stems of many seedlings are, on their emergence from the seeds, 
strongly curved, and this aids them in breaking through the soil 

Besides these nutations which result from growth, autonomic 
V xiRiATiON MOVEMENTS are also met with, though less commonly. 
They are almost confined to foliage leaves, and indeed to those which 
have pulvini at the base of the petiole and of its further ramifications. 
Pulvini occur especially in Leguminosae and Oxalideae, also in Marsilia^ 
and are characterised by a structure which corresponds to their par- 
ticular function. 

In the ordinary parenchymatous cell the cell- wall, owing to its growth in 
thickness, ceases to be stretched ; on jflasmolysis it therefore does not contract in 
the same degree in full-grown cells as it does in growing cells (cf. Fig. 233). Con- 
versely on an increase of the internal pressure the wall only becomes slightly 
stretched. In some cases, however, and the pulvinus is an example, the cell- walls 
even in their fully-grown state are considerably distended by the turgor- pressure. 
This is shown not only by their behaviour on plasmolysis, but also by the 
persistence of marked tissue-tensions. A pulvinus of one of the Leguminosae, 
such as the Kidney Bean, has the vascular bundles and the sclcrenchyma, which 
are peripherally arranged in the leaf-stalk (Fig. 278, 1), united to form a central and 
easily-bent strand ; this is surrounded by a thick zone of parenchyma (Fig. 278, 2, 3). 
If the middle sheet of tissue is cut out from a pulvinus isolated by two transverse 
sections (Fig. 278, 4), the bulging of the cortical parenchyma both above and 
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below shows the considerable tension. On sj)litting the portion of the pulvinus 
longitadinally as in Fig. 27vS, 5, the tendency towards expansion of the ])arenchyina, 
especially of its middle layers, is very clearly shown. 

It will now be readily seen that an increase in tiirgescence on all sides will 
increase the tension between the vascular bundle and the parenchyma and thus 
increase the rigidity of the j)ulviniis. On the other hand, an increase of the turgor- 
pressure on one side or a diminution on the other side,, or the occurrence of both these 
changes together, will cause a lengthening of the one sid(^ and a shortening of the 
other side which naturally curves the pulvinus. The vascular bundle is passively 



Fiij. l37s.— 1, Transverse s(«ction through the jietiole of the JJe.m, The same through tlie pul- 
viuus. 3y Jvongitudiual section through the pulvinus and its continuation into the petiole, 
4, Slice through middle of pulvinus placed in water; /’, cortical parenchyma; (iy vascular 
bundle. 3, The .same after sei)aration of cortex fnun vasodar bundle, (4 and 5 idler Sachs. 
All slightly enlarged.) 


bent, and undergoes no alteration in length. The j)assive movement of the part 
of the leaf attached to the pulvinus is due to the curvature of the pulvinus. 

Autonomic variation movements are probably present in all leaves 
provided with pulvirii, but only attain a striking degree in a few 
plants. 

Thus the small lateral leaflets of Desmodium gyrans move uniformly or move 
interruptedly in elongated ellipses. At higher temperatures (SO-Sb" C.) the move- 
ment is very rapid, the course being completed in half a minute. The movement 
of the leaflets of Oxalis hedysaroides is still more rapid, the tip moving through 
0’5-l’6 cm. in one or a few seconds. While the autonomic movements of these 
two plants do not appear to be affected by light, those of Trifolium pratc7ise are 
completely suppressed in light. In the dark, however, the terminal leaflet 
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exhibits oscillatory movements with an amplitude that may exceed 120° ; these are 
regularly repeated in periods of two to four hours. 

As has been pointed out the external factors on which life is 
dependent (p. 202) must be present in sufficient degree for these 
curvatures to take place. Overstepping the maximum or the minimum 
for external factors leads to conditions of rigor in which no movements 
take place. Thus a condition of rigor due to cold, heat, darkness, 
dryness, etc., can be recognised. Injurious chemical indiiences 
(poisonous effects) also lead to a condition of rigor. 

2. Paratonic Movements (Stimulus Movements) (^^^) 

In the induced or paratonic movements an extci-nal factor always acts 
as a stimulus and starts the movement. By means of these movements 
attached organisms bring their organs into the positions in which 
their functions can be best carried out. If the organs of a seedling 
continued to grow on in the directions which have been accidentally 
brought about on sowing the seed, the root would often grow into the 
air and the shoot into the soil. 

Light, heat, gravity, and chemical or mechanical influences of the 
most various kinds enable the plant to orientate itself in its environ- 
ment. The different organs of a plant often show quite different re- 
actions to the same external stimulus. Thus the stem and root, while 
both tending to place themselves in the direction of the rays of light, 
usually grow towards or away from its source respectively ; the leaves, 
on' the other hand, place their flat surfaces at right angles to the incident 
rays. The mode of reaction is not determined once and for all, but 
can be profoundly modified. The tone of the plant is thus altered, 
the change being brought about by either internal or external factors. 

Those movements which bring about a particular position with 
regard to the direction of action of the stimulus may be grouped 
together as movements of orientation or tropisms. The other 
movements of curvature, leading to the assumptions of definite posi- 
tions with respect to the plant and not to the direction of the stimulus, 
are termed NASTIO movements. 

(a) Tropisms 

In the movements of orientation we have to distinguish ortho- 
tropic (parallelotropic) and plagiotropic organs. The former place 
themselves in the direction of the stimulus and approach the 
source of the stimulus (positive reaction) or move away from it 
(negative reaction). Plagiotropous organs place themselves at right 
angles to the direction of the stimulus, or obliquely to its direction. 
The mode of reaction of any particular organ may be changed by 
external or internal factors. The movements of orientation are 
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distinguished as phototropic, geotropic, etc., according to the stimulus 
bringing them about. 

The tropisms of attaclied ]»lants correspond to tlie tactic nioveiiicnts of motile 
])latits. As in tlie case of the latter, their significance lies in the attainment of 
favourable conditions of life. The ellective stimulus, the positive and negative 
modes of reaction, and the alternation from one to the other are completely 
analogous to the phenomena already described in relation to tactic movements. 


1. GEOTROPJSM 

It is a matter of experience that the trunks in a Fir wood are 
all vertical, and therefore parallel to one another ; the branches and 
leaves of those trees, on the other hand, take other positions. If, 
instead of a tree, we consider a seedling, for example of the Maize, 
wo find that, at any rate to begin with, the organs stand in the 
vertical line. At the same time, Ave heie observe more readily than 
in the case of a tree the totally diflerent behaviour of the root and 
the stem, the former growing vertically downwards and the latter 
upwards. If we bring the seedling from its natural position and 
lay it horizontally we find that a curvature takes place iii both 
organs ; the root curves downwards, and the shoot of the seedling 
upwards. Since these curvatures are not effected at the region 
where the root passes into the shoot, but in the neighbourhood of 
the apices of the two organs, a region of variable length remains 
horizontal, and only the two ends of the plant are brought by 
the curvature hack into their natural directions, and continue to 
grow in them. That this vertical gi'owth of the main root and main 
stem is due to gravity is apparent from direct observation, which 
shows that these organs are similarly orientated all over the globe, 
and lie in the direction of radii of the earth. The only force acting 
everywhere in the direction of the earth's radius that we know of is 
gravity. Not, however, as a result of this line of thought, but from 
the experiments of Knight (1806), was this knowledge introduced 
into our science. Knight's experiments rest on the following 
consideration. It is evident that gravity can only cause the root to 
grow downwards, and the stem to grow upAvards, if the seed is at 
rest and remains in the same relative position to the attractive force 
of the earth. From this Knight conjectured “that this influence 
could be removed by the constant and rapid change of position of 
the germinating seed, and that we should further be able to exert an 
opposite effect by means of centrifugal force." He therefore fastened 
a number of germinating seeds in all possible positions at the periphery 
of a wheel, so that the root on emerging would grow outwards, inwards, 
or to the side, and he caused the wheel to rotate round a horizontal axis. 
Since this rotation was very rapid, not only was the one-sided action of 
gravity excluded, but at the same time a considerable centrifugal force 
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was produced, which in its turn itiflueiiced the seedlings, 'i^he result of 
the experiment was tluit all the roots grew radially away from, and 
all the shoots radially towards the centre of the wheel. Thus the 
centrifugal force determined the orientfition of the sei‘dlings as gravity 
does normally. 

In another experiment Knight allowed gravity and centrifugal 
force to act simultaneously but in different directions on the seed- 
lings. The plants were fastened on a wheel which rotated round a 
vertical axis. When the distance of the plants from the centre and 
the rapidity of rotation were so adjusted that the mechanical effects 
of the centrifugal force and of gravity were equal, the roots grew out- 
wards and downwards at an angle of 45'" ami the stem inwards and 
upwards at the same angle. As the rapidity of rotation increased, the 
axis of the seedlings took a position approximating more to the 
horizontal. It results from these experiments that tlie plant does 
not discriminate between gravity and centrifugal force, and that the 
one can be replaced by tlie other. Both those forces have this in 
common, that they impart to bodies an acceleration of mass. These 
facts are of the greatest importance for the experimental investigation 
of geotropisin, since only the centrifugal force, and not the force of 
gravity can be varied in intensity in the laboratory. 

An essential addition to the fundamental researches of Knight 
was given much later (1874) by the experiments of Sachs. In these 
the plants were rotated round a horizontal axis as in Knight^s first 
experiment, but the rotation was slow, taking ten to twenty minutes 
to effect one complete rotation. This is so slow that no appreciable 
centrifugal force is developed. Since, however, by the continual 
rotation any one-sided influence of gravity is eliminated, the roots and 
shoots grow indifferently in the directions which they had at the 
beginning of the ex])eriment. In this experiment Sachs employed 
a piece of apparatus termed the klinostat. 

The property of plants to take a definite position under the 
influence of terrestrial gravity is termed geotroitsm. It has been 
seen that there are not only orthotropic organs which place them- 
selves in the direction of gravity, and grow positively geotropically 
(downwards) or negatively geotropically (upwards), but also plagio- 
tropic organs which take up a horizontal or oblique position. The 
positions assumed by the lateral organs are also — though as a rule 
not exclusively — determined by gravity. 

All vertically upward- growing organs, whether stems, leaves 
(Liliifforae), flower -stalks, parts of flowers, or roots (such as the 
respiratory roots of Sonneratia (Fig. 181), Palms, etc.), are negatively 
geotropic. When such negatively geotropic organs are forced out of 
their upright position, they assume it again if still capable of growth. 
In negatively geotropic organs, growth is acceferated on the side 
towards the earth ; on the upper side it is retarded. In consequence 
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of the unequal growth thus induced, the 
erection of the free-growing extremity is 
effected. 

The actual course of the directive movement 
of geotropism, as will be seen Iroiri the adjoining 
figure (Fig. 279), does not consist merely of 
a simple, continuous curvature. The numbers 
1-16 show diagrammatically, different stages in 
the geotropic erection of a seedling growing in 
semi-darkness and }>laced in a horizontal position 
(No. 1). The. growth in the stem of the sec'dliiig 
is strongest just below the cotyledons, and 
gradually decreases towards the base. Th(^ 
curvature begins accordingly close to the coty- 
hdons, and })rocecds gradually down the stern 
until it reaches the lower, no longer elongating, 
portions. Owing to the downward movement of 
the curvature, and partly also to the after- effect 
of the original stimulus, the apical extremity 
becomes bent out of the perpendicular (Nos. 7, 8), 
and in this way a curvature in the opposite 
direction takes place. For two reasons this 
excessive curvature must again diminish (13-16) ; 
the stem is now exposed to another geotropic 
stimulus in the opposite direction to the first, 
and this is combined with a tendency to 
straighten, which is termed autotiioI’Ism (p. 359). 

In some cases negatively geotropic curvatures 
may take place in full-grown (^®®) shoots, i.e. in 
such as no longer exhibit growth in length when 
not geotropically stimulated. Thus in woody 
stems and branches the growth in length of the 
cambium of the lower side may bring the organ 
into the erect position as a result of geotropisrn. 
The greater the resistance of the parts which 
have to be passively bent the more slow and 
incomplete will this response be. The so-called 
nodes of grasses, wdiich in reality are leaf- 
cushions, can also bo stimulated by geotropism to 
further growth. If the stimulus acts on all sides, 
as when the node is horizontally placed and 
rotated on the klinostat, all the parenchymatous 
cells exhibit a uniform elongation. If the node 
is simply placed horizontally the growth is 
limited to the lower side wdiile the upper side is 
passively compressed (Fig. 280). By means of 
such curvatures in one or several nodes grass- 
haulms laid by the wind and rain are again 
brought into the erect position. 

Positive geotropism is exhibited in 



Fia. 279.— Difl’erent stages in tlie pro- 
cess of g^'otropic movement. The 
figures I-IG indicate successive 
stages in the geotropic biirvatuie of 
a seedling grown in serai-darkness : 
at i, placed horizontally; at 76’, 
vertical. For description of inter- 
mediate stages see text (After 
Noll. Diagrammatic.) 
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tap-roots, in many aerial roots, in the plumules of some Lili- 
aceae and in the rhizome of Ywm. All these organs, when placed 
in any other position, assume a straight downward direction, 
and afterwards maintain it. Positively geotro2)ic, like negatively 
geotropic, movements are possible only through growth. The 
power of a downward curving root-tip to penetrate mercury (speci- 
fically much the heavier), and to overcome the resistant press- 
ure, much greater than its own weight, proves conclusively that 
positive geotropism is a manifestation of an active process. Positive 
geotropic curvature is due to the fact that the growth of an organ 
in length is promoted on the upj)er side, and retarded on the side 
turned towards the earth 

Fig. 281 represents the course of ^ 

the geo tropic curvature in a root. ^ — 

Z 


0 



Fio. 280. — Geotropic erection of a i^raHS-haulm 
by the curvature of a node. 1, Placed hori- 
zontally, both Hides (w, o)o{ the ufKie being 
of e(|ual length ; 3, the under side (w) 
lengthened, the upptT side (o) somewhat 
shortened by compression ; as a result of 
the curvature the grass-liaulni has Iwjen 
raised through an angle of 75“. (After 
Noll.) 
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Fio. 281.— Geotropic curvature of the roots 
of a seedling of Vir.ia Fnla. J, Placed 
horizontally ; '//, alter seven hours ; 111, 
after tw'enty-three hourwS ; X, a fixed index. 
(Alter Saoas.) 


Most lateral brandies and roots of the first order are plagiogeotropic, while 
branches and roots of a higlier order stand out from their parent organ in all direc- 
tions. These organs are only in a position of EiiOiLiBRicM when their 

LONGITUDINAL AXES FORM A DEFINITE ANGLE WITH THE LINE OF THE ACTION OP 
GRAVITY. A Special instance of plagiogeotroiiism is exhibited by strictly horizontal 
organs, such asrliizomesandstolons,w^hicli, once they have attained their iiroiier depth, 
show a strictly transverse geotropism (diageotropism). Shpuld the projier depth 
not be attained, the jdant tends towards it by upwardly or downwardly directed move- 
ments, and then takes on the horizontal growth. The oblique position naturally 
assumed by many organs is in part the result of other influences 

A special form of geotropic orientation is manifested by dorsivcntral organs, e.g. 
foliage leaves, zygomorphic flowers (p. 69). All sucli dorsiventral organs, just as 
radial organs that are diageotropic, form a definite angle with the direction of 
gravity, hut are only in equilibrium when the dorsal side is uppermost. It is 
immaterial which side of a radially symmetrical organ is uppermost so long as the 
axis of the organ lias the correct inclination. In the orientation of dorsiventral 
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organs, not merely simple curvatures but torsions are concerned. The rotation 
of the ovaries of many Orchidaceae, of the flowers of the Lobediaceae, of 
the leal-stalks on all hanging or oblique branches, of the reversed leaves (with the 
palisade parenchyma on the under side) of the Alstroemeriae and of Allium 
ursinicm^f all afford familiar examjdes of torsion regularly occurring in the process 
of orientation. 

The foliage hiaves w'hich possess pulvini must again be specially mentioned 
among doisi ventral organs, since they can change their position by gc^otropic 
variation movements in the fully-grown state. 

Twining Plants which are found in the most various families 
of plants, have shoots which require to grow erect but are unable to 
support their own weight. The utilisation of a support produced 
by the assimilatory activity of other plants is a peculiarity they 
possess in common with other climbers, such as tendril- and root- 
climbers. Unlike them, however, the stem-climbers accomplish their 
purpose, not by the help of lateral clinging organs, but by the 
capacity of their main stems to twine about a support. The first 
internodes of young stem-climbers, as developed from the subterranean 
organs which contain the reserve food-material, as a rule stand erect. 
With further growth the free end curves energetically to one side and 
assumes a more or less oblique or horizontal position. At the same time 
the inclined apex begins to revolve in circles like the hand of a watch 
(cf. p. 338). This movement continues from the time of its inception as 
long as the growth of the shoot lasts, and as a rule takes place in a 
definite direction. In the majority of twining plants the circling move- 
ment as seen from above is in the direction opposite to that of the hands 
of a watch (towards the left as we commonly express it). The Hop 
and the Honeysuckle twine to the right, in the direction of the hands 
of a watch. Kither direction in different individual plants, and even a 
change of direction in the same individual, have been observed in 
Polygonum Convohmlns and Loasa laferitia. 

The revolving movement is regarded by some authors as purely autonomic ; 
on the otlier hand, it is held that gravity has a determining influence upon it. 
This disputable question is still unsettled. 

The commencement of the revolving movement does not by itself 
determine a twining movement. This only begins when the shoot 
meets a more or less vertical and not too thick support. This is 
enclosed in loose and at first very horizontal spirals, which gradually 
become more erect and steeper. The plants that circle to the left are 
also left-handed climbers, i.e. the spiral which their stem forms 
(Fig. 282, 1), mounts from the left to the right and, as seen from 
above, against the direction of the hands of a watch. Similarly the 
plants that circle to rtie right are right-handed climbers (Fig. 282, 2). 
The straightening results from negative geotropism and leads under 
otherwise favourable conditions when the support is subsequently re- 
moved to a complete obliteration of the spiral coils, the straightened 
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Stem appearing twisted. If the support is not removed it leads to 
tightening of the spiral and increased pressure on the support. The 
twining movement thus comes about by the revolving movement to- 
gether with negative geotropism. The sup})ort plays a part in that it 
prevents the otherwise inevitable straightening. It must stand more 




or less vertically, because otherwise 
it would not be continually grasped 
by the overhanging tip of the shoot. 

The twilling is further assisted by tlie 
shoots of the twining plant having when 
young elongated internodes while the 
leaves remain small. In tliis respect these 
shoots resemble those of etiolated plants ; 
the delayed unfolding of the leaves allows 
of the regular circling of the tip which 
might otherwise he interfered with by the 
leaves encountering the su]»port. The firm 
hold on the support is frequently increased 
by the roughness of the surface of the 
stem owing to hairs, prickles, ridges, etc. 
Torsions also, the causes of which cannot 
be entered into here, have a similar effect. 

Alteration of the Geotropic 
Position of Rest. — The })Ositioii 
assumed by an organ as a result of 
a definite geotropic stimulation is 
not determined once and for all, but 
is liable to change owing to internal 
and external influences. There is 
thus a “ change of tone ” as regards 
geotropic stimulation. A certain 
“ tone is thus regarded as the 
normal one, and the resulting reac- 
tions arc expressed in the distinction 


Fig. 282.—/, Sinistrorse nhoot of rharhilU. of OrtllOtrOpOUS aild plagiotrOpOUS, 

and positively and neptively geo- 
tropic organs respectively. 

Among the external factors which influence the geotropic tone, 
light, temperature, oxygen, and gravity itself may be mentioned, and 
as an internal factor the developmental phase of the organ. 


The alteration of geotropic reaction by the illumination lias an important 
influence on the depth at which rhizomes occur. When the tip of a rhizome of 
Adoxa growing on a slope becomes exposed to the light, its transverse geotropism 
becomes altered to positive geotropism, and this leads to the rhizome again enter- 
ing the soil. Frequently the influence of light on the parts of the plant above 
ground sufiices to direct the subterranean rhizome. If the rhizome of Polygomtum 
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is planted too high in the soil, although covered by earth and in the dark, the 
now growth turns oblhinely downwards ; if planted too deeply it turns ui)wards 
(Fig. 283). At the correct depth the rhizome is transversely g(*otropic. Light 
also acts strongly on the geotrojusm of lateral roots ; when illuminated the lateral 
roots of the first order approach tiui orthotroj)ous position more clos(dy than they 
do in the dark. 

An elfect of temperature may be observed on the stems of some spring plants ; 
these often lie on the ground at temj)cratures in the neighbourhood of 0“ C. and 
only become orthotropous at higher temperatures. With lack of oxygen some 
roots and rhizomes become negatively geotropic, and thus reach regions where more 
oxygen is available. 

Changes of tone due to internal causes are .seen, for instance, in rhizomes, which 
at a certain stage of development change from the diageotrojuc position and 



1 . 



Fki. *J83.— Rhizome of Poliigonat um. The dotted line marks the surface of the soil. The aerial 
shoots are cut oH'. Rhizome 1 was planted too hi};h ; its conlin nation is downwards, only 
the torniinal bud wdiich will form a flowering shoot being directed upwards. Rhizome 2 was 
planted erect and too deep ; its continuation is oblicpiely upwards. (After Raunkiaer.) 

become orthotropous, or in inflorescences which become positively geotropic after 
fertilisation (*'^'’). In this way tlie fruits of Trifolium subferraneum and of Arachis 
hypogaea become buried in the soil. In twining stems also a change of tone has 
been noted ; while young they do not twine. 

Geotropism as a Phenomenon of Irritability. — Tlie discoverer 
of geotropism, Knight, attempted to explain the geotropic move- 
ments on purely mechanical lines ; this did not seem difficult, 
especially for positively geotropic organs. He regarded them as 
simply following the attractive force of gravity till a condition of 
rest is attained. Later Hofmeister advanced similar views. The 
correct assumption, that we are concerned with complicated stimulus 
mechanisms in which terrestrial gravity only plays the part of the 
liberating factor, depends on the work especially of DuTROCHET, 
Frank, and Sachs. Even the single fact that the root can carry out 
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its geotropic curvature against the resistance of mercury is sufficient 
to call in (piestion every jnirely mechanical explanation. 

Only in recent times has the attempt been made to determine 
what is the primary effect of gravity in the plant There is 

no doubt that Ave are concerned with an effect of pressure ; the fact 
that gravity can be replaced by centrifugal force is in favour of this. 
This effect of pressure only comes into action in the case of ortho- 
tropoiis organs in proportion as it acts at right angles to the longi- 
tudinal axis, and thus in relation to the vertical component when 
the organ is placed obliquely. Since the value of this is determined 
by the sine of the incident angle, this is termed the stne-LAW. Two 
forces, such as gravity and centrifugal force, acting at an angle behave 
according to the parallelogram of forces in producing their resultant 
effect (law ok the i^esultant). Lastly, it is clear that the })ressure 
must act within the cells, and is in no way replaceable by external 
influences. 

F. Noll first elaborated tlie idea tliat there must be somei bodies in the cells 
of greater specific gravity than the surrounding j)roto])lasn), and capable, under 
the influence of gravity, of exerting a one-sided pressure on the protoplasm : 
On this taking ])lace the ])roto})lasm directs tlm })roccsses of growth in accordance 
with tlie direction of the force of gravity. NftMKo and Habeiilandt then sug- 
gested that tliose specifically heavier bodies (statoliths) might be found in certain 
starch-grains which show relatively rapid movements of falling in the cells. Tliey 
found siieli starch-grains in the endodermisof tlie stem (p. 90) and in the cells of the 
root -cap. They a.ssume that the stimulus of gravity can only directly affect 
portions of the plant provided with such starch-grains, but that it may be con- 
ducted from these jioints to others. It has in fact been demonstrated that in the 
root it is mainly the tip which receives the stimulus of gravity. According to 
investigations of Stahl and Zollikofeii, it is possible in some cases to bring 
about the solution of the statolith starch ; geotropism then disappears while 
growth and the capacity for phototropic response continues. This shows that in 
these cases the starch -grains are essential for tlie reception of the stimulus. 
According to other investigators it is not only such large constituents of the coll 
that arc concerned in the jiroccss but also the microsomes, if tliese differ in specific 
weight from the hyaloplasm. This assurajition would ex])lain cases [e.g, moss- 
rhizoids) in which geo-]»erception is still possible after the disappearance of the 
starch. In geotropic fungi, where large statoliths are never found, other bodies 
must be effective. 

The result of the primary pressure-effect was first supposed to be some chemical 
change ; later, processes of imbibition and contraction were considered. More 
recently the suggestion lias been entertained tliat the .statoliths may not act by 
the pressure they bring about, but by altering the electric charges during their 
fall. If the starch-grains or the microsomes are negatively charged, their change 
of position would give rise to a difference of potential. Once this were present a 
movement of ions in the cell would result which would lead to shifting of the electro- 
lytes of the protoplasm. In this way asymmetrical plienomcna of imbibition might 
commence and thus lead to the curvature constituting the reaction (^^^). 

As a rule we can only infer the geotropic irritability of an organ 
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from the curvatures that take place, but in some cases it can be 
done independently of this reaction. Thus, for example, in some 
grass seedlings (Paniceae) that have a well-developed internode 
beneath the sheathing leaf, the latter becomes full-grown and no longer 
capable of curvature ; it is, however, still gcotrojMcally sensitive, since 
on the sheath being exposed to the one-sided action of gravity the 
internode below, which is not itself sensitive to the stinjulus, becomes 
curved. The geotropic stimulus must have been conducted from the 
sheathing leaf to the iriternode. In other grass seedlings (Poaeoideae) 
it has been observed that the tip of the sheath is much more sensitive 
to the geotropic stimulus tlian the zone of maximal growth, and a 
similar diminution of the sensibility on passing backwards from the 
tip holds for roots. It is possible with special apparatus to stimulate 
geotropically in opposite directions the apex and growing zone of 
such objects by centrifugal force, and to show that the curvature 
of the growing zone is then determined by the stimulated tip. There 
is thus a conduction of the stimulus in the basal direction which 
overcomes the direct stimulation of the growing zone. In sucli cases 
a clear separation of three processes is evident, the KK(^KrTic»N OF THE 
STIMULUS (perception), the CONDUCTION OF THE STIMULUS, and the 
RESPONSE or REACTION. An organ may be perceptive without being 
able to react, or conversely. We are justified in assuming that these 
three parts of the process must be distinguished in cases where they 
are not so evident. 

It can be inferred from these experiments that the degree of 
gcotroihc curvature and the rapidity with which it is ])roduced in 
no way measures the amount of the stimulus, since they are largely 
dependent on the capacity for growth. The degree of geotropic 
stimulation depends both on the specific receptivity of the stimulated 
organ and on the amount of stimulus wdiich it has received. For 
any given organ it is directly proportional to the amount of stimulus. 
By this is understood the product of the intensity of the stimulus 
and the duration of its action. Thus, it is the same so far as result 
is concerned, whether a high centrifugal force for a short time or a 
less force for a correspondingly longer time be employed. This law 
of the amount of stimulus which stands in close relation to the 
laws of the sine, and of the resultant previously distinguished, 
only holds within certain limits. 

It has been shown that an orthotropous organ, when laid horizontally 
under constant external conditions, begins to curve after a definite time. 
The period from the commencement of stimulation to the commence- 
ment of the reaction is termed the rea("TIun-ttmk. To obtain a 
geotropic reaction, however, it is not necessary to stimulate an organ 
during the whole reaction-time. A much shorter period of stimulation 
is sufficient to obtain a geotropic curvature as an after-effect from the 
organ which has been replaced in the vertical position. The minimal 
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period of stimulation after which a visible curvature results is termed 
the riiKSENTATiON-TlME. Thc law of amount of stimulus only applies 
to stimuli which last as long or somewhat longer than the presentation- 
time ; the presentation-time is thus inversely proportional to the 
intensity of the stimulus. No corresponding increase of geotropic 
curvature follows larger amounts of stimulus. 

As ill the case of other j)roi»ei ties of t he plant the reaction-time and the. }>reseiita- 
tion-time exhibit profound variations, so that typical variation curves are obtained 
by statistical investigation. TpJiNDLK found as mean reaction-times, 32 minutes 
for shoots of Oats, and 21 minutes for roots of Cress. Some seedlings of Oats 
reacted after less than 14 minutes while others required more than 49 minutes. 
In the majority of plants the reaction-times are longer. The presentation-times 
have been frequently found to be 2, 3, to 10 or more minutes. 

Stimuli below the presentation- time are not without effect. On 
repetition (intermittent stimulation) they are summed up and result in 
a curvature when the sum of separate stimuli amounts to the presenta- 
tion-time, if the intervals between the separate stimuli have not been 
too great. A lower limit for the duration of separate stimuli has not 
as yet been determined. 

2. Phototropism (Ukliotroitsm) (1^^) 

Phototropic curvatures result from the incidence of light from one 
side. A good opportunity for the observation of beliotropic phenomena 
is afforded by ordinary window-plants. The stems of such plants do 
not grow erect as in the open, but are inclined towards the window, 
and the leaves are all turned towards the light. The leaf stalks and 
stems are accordingly okthotropic and positively pitototropic. 
In contrast to these organs the leaf- blades take up a position at 
right angles to the rays of light in order to receive as much light as 
possible. They are diaphototropic, or transversely phototropic, 
in the strictest sense. It is less easy to observe examples of negative 
phototropism in which the organ grows away from the source of light. 
In Fig. 284 the phototropic curvatures which take place in a water 
culture of a seedling of the White Mustard are represented. 

Sensitiveness to phototropic influences is prevalent throughout the vegetable 
kingdom. Even organs like many roots, which are never, under ordinary 
circumstances, exposed to the light, often exhibit phototropic irritability. Positive 
phototropism is the rule with aerial vegetative axes. Negative phototropism is 
much less frequent ; it is observed in aerial roots, and sometimes aLso in climbing 
roots {Ficus sHjtulata^ Begonia scajidem)^ in the hypocotyl of germinating 
Mistletoe, in many, but not all, earth roots {Sinapis^ HeUanthus)^ in tendrils 
(chiefly in those with attaching discs), and in the stems of some climbers. By 
means of their negative heliotropic character, tlie organs for climbing and attach- 
ment, and the primary root of the Mistletoe, turn from the light towards, and are 
pressed lirinly against, their darker supjwrts. 
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Lor more exact investigation of phototropic movements it is neces- 
sary to be able to control more accurately the source and direction 
of the light. Tliis can be accomplished by placing the plants in a 
room or box, lighted from oidy one side by means of a narrow 


opening or hy an artificial light. 
DrKKCTloN of the incident rays 
position ; every alteration in the 
direction of the rays produces a 
change in the position of the 
phototropie organs. The apical 
ends of many positively helio- 
tropic organs will be found to 
take up the same direction as 
that of the rays of light. 

Tlu; exactness with which this is 
done is illustrated by aii experiment 
made with Piloholus cry dal Unit 
285). The s])orangioj)hor(‘s of this 
fungus are quickly produced on moist 
liorse- or cow-dung. Tliey arc posi- 
tively phototropic, and turn their 
bhick sporangia, towards the source 
of light. Wlicii ripe these sporangia, 
are shot away from tlie plant, and 
will be found thickly clustered about 
the centre of the glass over a small 
aperture through which alone the 
light has been admitted ; a proof that 
the sporangiophores were all j»rc- 
viously pointed exactly in that 
direction. 


It then becomes apparent that the 
of light determines the phototropie 



The positive phototropie 
curvatures are brought about by 
THE SIDE TUIINED TOWARDS THE 
IJGH'f GROWING MORR SLOWLY, 
AND THAT AWAY FROM THE 
LIGHT MORE ACTIVELY, THAN 
UNDER ILLUMINATION FROM ALL 


HJ. 284. — A s(!f3dling of tlm Wliitc Mustard in a 
water culture which has first been illuminated 
from all sides and tlicn from one side only. The 
stein is turned towards the light, the root away 
from it, while tlu*. loaf-blades are expanded at 
right angles to t ho incident light. KK, Sheet of 
cork to which the seedling is attached. (After 
Noll.) 

IDES. The converse distribution of 


growth is found in negative phototropism. As a rule curvatures 


ONLY TAKE PLACE IN THE REGION WHICH IS STILL IN A GROWING 


CONDITION, THE SHARPEST CURVATURE BEING AT THE REGION OF MOST 
ACTIVE GROWTH. 


The course of phototropie curvature shows a complete correspondence with 
geotropic curvature (p. 343). It was formerly held that the increased growth of 
the shaded side in positive phototropism was produced by the beginning of etiolation, 
and that the diminished growth on the illuminated side was due to the retarding 
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effect which light exerts upon grow'th in length. Tiiis view, which had for 
some time been abandoned, lias recently been revived in a modified form by 
Blaauw (^■‘^). According to liim the phototropic curvatures depend on changes in 
growth in length due to the unequal illumination of the sides of the orthotropous 
organ which are directed respectively towards or away Irom the light. While in 
simple cases a close parallelism can be traced between the reaction of growth to 
light and the phototropism, there are other observations which cannot be accounted 
for by Blaauw’s theory in its jiresent form. 

In particular cases (i^), phototropic curvatures have been demonstrated in 
organs which have finished their growth in length. This a})plies to ]»ereiinial 
trees in which the cambium is probably concerned in the ]u-oduction .of the 

curvatures. In nodes, such as 
those of the Oramineae and 
Cornriieliriaccae, grow th may he 
resumed under the influence of 
light, either by itself or associ- 
ated with tlie ellect of gravity. 

If an organ has placed 
itself by a phototropic 
curvature in the direction 
of the incident light, it is 
equally illuminated on all 
sides, and in its photo- 
tropic resting position. If, 
without altering the direc- 
tion or the intensity of 
the illumination, the plant 
is kept in constant rota- 
Fuj. *28.').'” Pi7o6o?/iw cr//sfft/h'>»ws (P), abjectiijg it.s Hporan^^ia tion, arouiui a Vertical axis, 



of 


towards the light. (>, Slieet of glass ; li, o|)aque case 
with a circular opening at F\ M, vessel containing 
horse-dung. (Cf. description in text. After Noi.i.,) 


by means of a klinostat, 
the phototropic stimuli act- 
ing on the different sides 


orthotropous organs neutralise one another and no curvature takes 


place. 


Sachs developed the theory that it is the direction of the light 
that is important in phototropism, as it is the direction of the force of 
gravity in the case of geotropism. More recently a different view 
has been generally taken, viz,, that the phototropic stimulation 
depends on the unequal brightness of illumination of the different 
parts of the sensitive organ 


A definite decision on this question is not }»ossible on our present knowledge. 
The critical question is whether an organ is to bo regarded as reacting as a w’hole 
to the stimulus of light, or whether the parts of an organ or of a cell individually 
perceive the stimulus. In the former case only the direction of the light in the 
organ would be responsible for the reaction ; in the second case the direction of 
the light only comes into play by determining the differentdntensities of illunnna- 
tion of the different cells or parts of a cell ; the reaction itself would be detemined 
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by these secondary differences of intensity. Kecent researches have clearly shown, 
in contrast to earlier views, that even in multicellular organs the direction of the 
light ill the case of one-sided illumination plays the main part, as it does in the 
illumination of the single cell. 

Transverse phototropism is confined almost entirely to leaves 
and leaf-like assimilatory organs, such as fern prothallia and the thalli 
of Liverworts and Algae. In these organs transverse phototropism 
predominates over all other motory stimuli. Such organs become 
placed at right angles to the brightest rays of light to which they are 
exposed during their development; in this process torsions of the 
leaves or internodes are combined with the simple curvatures. 

In very bright light the transverse position of the leaves may become changed to 
a position more or less in a line with the direction of the more intense light rays. 
In assuming a more perpendicular position to avoid the direct rays of the midday 
sun, the leaf-blades of Lactuca Hm/riola and the North American Silphium lad- 
niatum and the leaf-like shoots of some Cacti take the direction of north and south, 
and so are often referred to as compass plants. The foliage leaf has tlius, like 
the chloroplast of Mcsocarpus^ the power of assuming either a profile or a full- 
face position, and thus regulating the amount of light received. 

A number of foliage leaves possess pulviiii (Figs. 131, 278) at the base 
of the petiole, and also at the.bases of secondary and tertiary branchings ; 
variation movements are effected by the aid of these. In this way 
these leaves are able to change their position throughout life, and at 
any moment to assume the position which affords them the optimal 
supply of light. They do not have a fixed light-position determined 
by the strongest illumination during their development, but they 
sometimes expose their edges and sometimes their surface to the 
light (i«). 

Plioto tropic curvatures can be effected in light of all the wave-lengths of the 
visible spectrum. The blue and violet rays, just as they are more effective photo- 
tactically, have a greater phototropic efiect than other rays of the same energy- value. 

Alteration of Tone — A particular part of a plant docs not 

always react in the same way to one and the same stimulus ; the mode 
of reaction may be altered by age or external influences. In this sense 
the terms “ tone and “ change of tone ’’ are used. 

The flower-stalks of Linaria cymhalaria are at first positively phototropic. 
After pollination, however, they become negatively phototropic, and as they 
elongate they push their fruits into the crevices of the walls and rocks on which the 
plant grows (p. 282). 

Among external factors that alter the tone the amount of illumination itself is 
particularly important. Small amounts of light falling from one side on Avena 
produce without exception a positive photo tropic curvature ; larger amounts give 
a weaker positive soon followed by a negative curvature ; still larger amounts give 
a purely negative reaction. With further increase in the illumination a positive 
reaction is again obtained, and later a weakened positive if not a negative reaction. 
How far the intensity of the illumination also influences the results cannot be 
discussed here. 

2 A 
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Phototropism, like geo tropism, is a phenomenon of irritability 
In it the perception and conduction of the stimulus and the reaction 
or response to it can also be distinguished ; there are also presentation- 
time and reaction-time. Further, the law of amount of stimulus holds 
within narrow limits. A further law, which, though only a special 
case of the law of amount of stimulus, is of interest because first 
recognised for light- perception by the human eye, is known as 
Talbot’s law This states that stimuli due to one-sided illu- 

mination which individually are below the threshold can be added 
together, and that the sum of the separate stimuli has exactly the 
same effect as if they had acted as a single stimulus at one time. 
The separate stimuli must not be separated by too long intervals of 
darkness, for otherwise the effect of the one stimulus has died out 
before the second stimulus acts. 

Loealisation of Phototropie Stimulation. — Often the stimulus of 
light is received at the same place that the movement is effected. In 
certain leaves, however, the lamina is able to perceive a phototropic 
stimulus without being able to carry out the corresponding movement ; 
this takes place only after the stimulus has been conducted to the 
leaf-stalk. It is true that the leaf-stalk can also react to direct 
stimulation, but as a rule the dominant impulse proceeds from the 
lamina. Still more striking relations are met with in the seedlings of 
certain Grasses; in some Paniceac only the tip of the so-called cotyledon 
can be phototropically stimulated, and only the hypocotyledonary 
segment of the stem, separated by some distance from the tip of the 
cotyledon, is capable of curvature. In this case there is a well-marked 
distinction between a perceptive organ and a motile organ ; the 
similarity to corresponding phenomena in geotropism and in the 
animal kingdom is very striking. There is an essential difference, 
however, in the method of transmission of the stimulus ; “Nerves” 
are completely wanting in the plant, and the stimulus is conveyed 
from cell to cell. This can still take place after the organic connection 
is interrupted by a cut if the interval is filled up with gelatine. On 
the other hand, if a layer of tin-foil is inserted all conduction ceases. 
If the tip of a Grass seedling is cut off and then replaced on the stump 
the stimulus of light received by the tip can be conducted across the 
wound to the basal region ; the experiment succeeds even if the tip 
from another species of Grass is placed on the stump. It is clear from 
this that some diffusible substance must be concerned in the conduction 
of the stimulus. 

This substance which must be thought of as a growth-hormone is probably 
produced in the outermost cells of the tip and, under the conditions of darkness 
or uniform illumination, diffuses uniformly downwards. If such a seedling is 
illuminated from one side various things may occur. By a diminution of 
permeability the cells of the anterior side may become less effective than those of 
the side farther from the light. It may be, however, that the growth-hormone is 
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destroyed by the stronger light acting on the cells of the anterior side. Lastly it 
might be supposed that the light caused a displacement of the material from the 
anterior to the posterior side. There is still uncertainty as to which of these 
possibilities is realised 


3. Chkmotropism 

Those directive movements which are brought about by the unequal 
distribution of dissolved or gaseous substances in the neighbourhood 
of the plant are termed chemotropic. In the case of fungi and of 
pollen-tubes, chemotropic movements have been demonstrated which 
bring the organism into a certain optimal concentration of particular 
substances. With the same organism and the same stimulating 
substance these movements are sometimes positive and sometimes 
negative ; positive when they lead towards a higher concentration of 
the substance, and negative in the converse case. In the case of 
pollen-tubes sugar and proteins are the chief substances that act as 
stimuli ; in fungi, in addition to sugar, peptone, asparagin, compounds 
of ammonia and phosphates. There arc also substances such as free 
acids which always have a repellent influence even in extremely weak 
concentration. This also holds as regards the fungi for metabolic 
products of unknown nature that difl'use out of the cells. Chemo- 
tropic irritability has also been demonstrated in roots, though it 
cannot be said that it plays an important role in their life. 

In the examples of chemotropism given above, the stimulating 
substances were solid substances in solution. When, on the other 
hand, the plant is induced to perform directive movements by the 
unequal distribution in a space of aqueous vapour or gases, a distinct 
name has been required, though no distinction of jminciple can be 
drawn. Irritable movements caused by diflcrences in moisture arc 
termed hydrotropio, while those brought about by gaseous differences 
are termed aerotropic. Aerotropisra has been proved for pollen- 
tubes, roots, and shoots, and hydrotropism for roots and moulds. 
Thus roots are positively hydrotropic and seek out the damper spots 
in the soil by reason of this irritability. The sporangiophores of the 
Mucorineae are negatively hydrotropic and thus grow out from the 
substratum. These reactions may be so energetic as to overcome other 
(<5.<7. geotropic) stimuli. 


4. Traumatropism 

Wounding a part of a plant on one side may lead to an arrest of growth in 
the neighbourhood of the wound, so that this side becomes concave. This, how- 
ever, is not a tropistic curvature in response to a stimulus. By thaiimatrovism 
is understood a very different phenomenon, which is most readily observed in 
roots. If the growing point of a root is cut, or burnt, or corroded on one side, 
a curvature occurs at some distance from it in the growing zone. This curvature 
is termed negatively traumatropic, since by it the tip of the root is turned away 
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from the injurious agency. The region of the growing zone vertically above the 
wound grows more actively than the opposite side. Tlie special interest of this 
tropism lies in the clear distinction between the place of reception of the stimulus 
and the jdace of tlie reaction ; a well-marked conduction of the stimulus is thus 
demonstrated. 

Negative trauniatotropism is also occasionally shown by the above-ground organs, 
but usually these show a positive reaction. That this is not a mechanical result 
of the one-sided arrest of growth caused by the wound, but a true stimulus-move- 
ment is shown by the frequent acceleration of growth above tlie mean rate, and by 
the conduction of the stimulus to a considerable distance. 


5. Haitotropism (Tiugmotropjsm) 

A curvature inwards on one-sided contact is found especially in 
tendril-climbers (p. 172) which seek by such grasping movements to 
encircle the touching body and utilise it as a support. The arrange- 
ment thus resembles what was seen in the case of twining plants, but 
the movements are not in any sense gcotropic. In the case of tendril- 
climbers, the attachment to the support is effected, not by the main 
axis of the plant, but by lateral organs of various morphological 
character (cf. p. 172). These may either retain, at the same time, their 
normal character and functions (as foliage leaves, shoots, or inflores- 
cences), or, as is usually the case, become modified into typical 
tendrils and serve solely as climbing organs. Contact with a solid 
body quickly induces an increase in the growth, greatest immediately 
opposite the point of contact and gradually diminishing till this is 
reached so that even in the middle line the eflect is considerable. 
Thus the touched side of the tendril becomes concave, which leads 
to it coiling about the support. The more slender the tendrils and 
the stronger their growth, the more easily and quickly this process 
occurs. Some tendrils grasp their supports very quickly {Passiflora, 
Sicyos^ Bryonia)^ while others are very slow {Smilax, Vitis), Owing 
to the tendency of the curvature to press the tendrils more and more 
firmly against the support, deep impressions are often made by them 
upon yielding bodies, soft stems, etc. 

According to Pfeffer's investigations, it is of great importance to 
the tendrils in the performance of their functions that they are not 
induced to coil by every touch, but only through contact with the 
UNEVEN SURFACE OF SOLID BODIES. Eain-drops consequently never 
act as a contact - stimulus ; even the shock of a continued fall of 
mercury produces no stimulation, while a fibre of cotton-wool weighing 
0*00025 mgr. is sufficient to stimulate the tendril. 

Probably the so-called tactile pits (Figs. 286, 287) favour the reception of such 
weak stimuli. These are pits in the outer epidermal walls which widen outwards 
and are filled with protoplasm. They are found, for instance, in the Cucurbitaceae, 
but may be wanting from some very irritable tendrils (e.^^.-in Passijlora), Some 
tendrils that are only sensitive on one side have the tactile jiits correspondingly 
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localised. On the whole tendrils are more or less dorsiventral, and their reactions 
are thus frequently rather nastic than tropistic. 

The tendrils of some plants (Cohaea, Eccreiiwcarpus^ Cissus) are 
irritable and capable of curving on all sides; others (tendrils of 
Cucurbitaceac, etc., with hooked tips) are, according to Fitting, 
sensitive on all sides but only curve when the under side is touched ; 
if the upper surface is at the same time stimulated, curvature is 
arrested. 


In the more typically developed tendrils the curvature docs not remain restricted 
to the portions directly subjected to the action of the contact-stimulus. Apart from 
the fact that, in tlie act of coiling, new portions of the tendril are being continually 
brouglit into contact with the support and so acted upon by the stimulus, the 



F’jo. U86. — Surface view of cells from the 
sensitive side of tlie tendril of CiinirhUa 
Pepo^ showing tactile i)its, s, (x 540. 
After Strasburokh.) 


stimulation to curvature is also transferred 
to the portions of tlie tendril not in 
contact with tlie support. The first result 
of this is that the tip of the tendril 
becomes coiled round the snp]>ort. Later 
the portion between the support and the 
parent - shoot becomes coiled, just as 
occurs in time with tendrils that have not 
grasjied a support. While, however, in 
the latter case a single spiral results, the 




I'To. 2S7.— Transverse section through similar 
cells to those in Kig. 08 ; a small c.rystal of 
calcium oxalate (.s) is present in the tactile 
pit. (X 450. After Strasbokoer.) 


basal part of a tendril that has become attached must form at least two spirals in 
opposite directions, separated by a point of reversat- (Fig. 288 x), By the spiral 
coiling of the tendrils the parent-stem is not only drawn closer to the support, 
but the tendrils themselves acquire greater elasticity and are enabled to withstand 
the injurious effects of a sudden shock. 

Advantageous clianges also take place in the anatomical structure of the tendrils 
after they are fastened to the supports. The young tendrils, during their rapid 
elongation, which under favourable conditions may amount to 90 per cent of their 
length, exhibit active nutations, and thus the probability of their finding a support 
is enhanced. During this time they remain soft and flexible, while the turgor 
rigidity of their apices is maintained only by collenchyma. In this condition they 
are easily ruptured, and have but little sustaining capacity. As soon, however, as 
a support is grasped, the coiled-up portion of the tendril thickens and hardens, 
while the other part lignifies and becomes so strengthened by sclerenchymatous 
formations that the tendril can finally sustain a strain of several pounds. When 
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the tendrils do not find a support they tisually dry up and fall off, but in some 
cases they first coil themselves into a spiral. 

Tendril -climbers are not, like twining plants, restricted to nearly vertical 
supports, although, on account of the manner in which the tendrils coil, they can 
grasp only slender supports. A few tendril-climbers are even able to attach them- 
selves to smooth walls. Their tendrils are then negatively phototropic, and 
])rovided at their apices with small cushion-like outgi’owths, which may either 
develop independently on the young tendrils, or are first called fortli by the 
stimulus of c,oiitact. These cushions become fastened to the wall by their sticky 
excretions and then grow into disc-like suckers, the cells of which come into 
such close contact with the support that it is easier to break the lignified tendrils 
than to separate the liold fasts from the wall. Fig. 203 represents the tendrils of 

Parthenocissus tricus^yidata. The 
suckers occur on its young ten- 
drils in the form of knobs. In 
other species of Wild Vine the 
suckers are only produced as the 
result of contact, and the tendrils 
of tliose plants are also able to 
grasp thin supports. 

Sometimes, as in the case of 
Maurandia scaiidem (Fig. 289), 
the loaf-stalks, although bearing 
normal leaf-blades, are irritable 
to contact-stimuli and behave as 
tendrils. Of leaf-stalks which 
thus act as tendrils, good 
examples are afforded by Tro- 
%)molmYiy Solanum jasmdnoidcs, 
Nepenthes f etc. In other cases 
the midribs of the leaf-blades 
themselves become prolonged and 
assume the function of tendrils 
{Gloriosaj LUtonia^ Flagellaria). 
In many species of Fumaria and 
CorifdaliSf in addition to the leaf- 
stalks, even the stalks of the 
leaflets twine around slender supports, while the parasitic shoots of Cuscuta (Fig. 
214) are adapted for both twining and climbing. In some tropical plants axillary 
shoots are transformed into tendril-like climbing hooks. Climbing parts of the 
thallus occur in some Thallophyta (Florideae). 

Haptotropism is wridespread among plants. Etiolated seedlings are always 
somewhat haptotrojne, and this holds frequently for older shoots of green plants, 
especially of twining and climbing. plants. The sensitiveness in these cases differs 
from that of tendrils in being excited by any contact, ejj, of falling water drops. 
No use appears to attach to this power (^®®). 

Stark showed that in the haptotropism of seedlings the law of the resultant 
holds. He further showed that Weukr’s law also applies. Thus if opposite 
flanks are stimulated unequally the curvature depends on the relation between 
the amounts of stimulus. Further, if the two opposite sides-are stimulated equally 
strongly and a stimulus from one side is allowed to act in a plane at right angles, 
Weber’s law holds 



Fm. 288. — Portion of a stem of Hicyon angidahis^ one of tin 
Cuc\irbitaceae, with tendril. The branch-tendril has 
grasped the upright support on the right and tin 
free portion has become spirally wound, x, Point o: 
reversal in the coiling of the tendril. (After Noli.) 
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While a number of tropisms have been dealt with, this by no means exhausts 
the known cases. Thermotropism, in which heat is the stimulus, rheotropism, 
concerned with moving water, and galvanotropism, may be mentioned, but cannot 
be dealt with further here 


6. AUTOTROriSM 

It is necessary to consider here a phenomenon of general occurrence 
in which not external factors but changes within the plant itself serve 
as a stimulus. Thus it may be generally observed that every tropistic 
curvature, whether brought about by gravity, light, or other external 
factors, is folloAved, some time after the stimulus has ceased to act, 
by a straightening. This is mostly ejected by elongations due to 



Fio. 289. — Part of a climbing slioot of Maurandin nfuniUns. The lower portions of the leaf-stalks 
encircle the slender support in a tendril-like fashion. (After Noll.) 

growth, but in curved roots may depend on contraction (p. 279). A 
similar behaviour is even seen after curvatures due to a forcible 
mechanical bending of an organ. This attempt of an originally 
straight organ to again become straight or of a curved organ to 
resume its original form is known as AUTOTROPISM. 

Some such autotropio phenomena have been already referred to. Thus it was 
noted in relation to geotropism that curvature beyond the vertical was auto tropically 
corrected. It has now to be added that every geotropic curvature retrogrades more 
or less when the one-sided stimulation is removed by rotating the object on the 
klinostat. In the same way phototropic curvatures lessen when the unequal 
illumination is stopped. Tendrils which have curved haptotropically straighten 
out when the contact-stimulus is removed. Even when the one-sided stimulation 
continues, there is often a certain degree of return observable in tropistic curvatures. 
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It is evident that the pliysiological eHectiveness of the stimulus diminishes with 
its continued action. The correction of a curvature may effect complete straiglitening 
and may even sometimes go beyond this, and lead to a new curvature in the opposite 
direction. This will be in its turn autotrojiically corrected and tlius a to and fro 
bending of a shoot may result from a tropistic stimulation. The only pre-requisite 
for autotropic correction is that the plant should be still capable of growth. 
Nothing is known as to the effective stimulus which leads to the restoration of the 
original form ; it may be suggested that the plant reacts to internal tensions. 
Thus it is further found that the tensions arising by mechanical hindrance of a 
tropistic curvature are corrected in time by autotropism. 

(b) Nastie Movements 

In the tropistic and tactic movements of irritability, the direction 
of the stimulus stands in direct relation to the direction of the move- 
ment ; the nastie movements, on the other hand, are either brought 
about by diffuse stimuli with no definite direction or are not influenced 
by the direction of the stimulus. Such movements are thus confined 
to dorsiventral organs. The direction of the movement always depends 
on the reacting organ and not on the environment ; the movements are 
not movements of orientation such as those we have hitherto considered. 
Their ecological significance is frequently obscure and according to 
Goebel they are in part useless movements. 

Typical nastie movements of variation are shown by stomata (^®^) ; the structural 
relations of these determines the opening or closing of the pore by changes in the 
curvature of the guard-cells brought about by variations in their turgescence. It is 
frequently assumed that the closing on loss of water and the opening on illumina- 
tion are purely mechanical results. Loss of water will have as its direct result a 
diminution of the osmotic pressure, and illumination will increase the pressure by 
increasing the production of assimilates. It cannot, however, be doubted that in 
addition to purely physical influences stimuli play a part. Thus light and some 
other factors also may act as stimuli directing the production of osmotic substances 
by the protoplasm. 

Ill other mis tic movements, as in the case of the stomata, light and 
heat, chemical substances, and sometimes also vibrations, may play the 
part of stimuli. Often the movement of a particular organ results 
from several of these stimuli acting in the same or in similar ways. 

1. Nyctinastio Movements 

Many foliage leaves and floral leaves assume different positions by 
day and by night. According as the change from the one position to 
the other is brought about by variations in the intensity of light, in 
the temperature, or in both factors at once, we distinguish between 
photonasty, thermonasty, and nyctinasty. The movements are carried 
out partly as growth-movements, partly as variation-onovements. 

a. Thermonasty. — ^Growth -movements due to variations in 
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temperature are found especially in flowers, e,g. Crocus, Tulip, 
Ornithogahm, ColcMcum, and Adonis. These flowers on a rise of 
temperature exhibit a sudden and limited acceleration of the growth 
of their perianth -leaves or petals mainly on the inner side. The 
flowers consequently open. On the other hand, they close on a fall 
in the temperature. 

The flowers of the Tulip and Crocus are especially sensitive lx> changes of 
temi»orature. Closed flowers brought from the cold into a warm room open in a 
short time ; with a difference of temperature of from 15“-20‘' they open in two to 
four minutes. Sensitive flowers of the Crocus react to a diflerence of C. ; those of 
the Tulip to 2'*-3° C. 

h. Photonasty. — In a similar fashion other flowers {Nymphaea, 
Cacti) and also the flower heads of Compositae (Fig. 290) of)en on 
illumination and close on darkening. The night-flowering plants, 
such as Silene noctijlora, Victoria 
regia, and species of Nicotiana, 
behave in an opposite manner. 

The significance of these move- 
ments must lie in only exposing the 
sexual organs when insect- visits may 
be expected ; at other times they are 
protected against injury by rough 
weather, especially by rain. The 
night-flowering plants are adapted 
to pollination by moths. 

Fia. 290. — Plower-head of l^ontoihm hastilis, closod 

A* Nvpttxtaqtv MciriAT (larkiiess, open when illuminated. 

C. IN Y C 1 IN ASTY. IViaiiy Detmkb’8 Physiol. Praot.) 

foliage leaves exhibit nycti- 

nastic movements which are usually influenced more by light than by 
temperature. In some cases {e.g. in Chenopodiaceae, Caryopliyllaceae, 
Balsamineae, and some Compositae) these movements are entirely growth- 
movements, as in the floral leaves ; in the Leguminosae, Oxalideae, and 
other plants provided with pulvini, variation-movements are found. 
The former are naturally of short duration and cease when the leaves are 
full-grown. The latter, however, continue for a long period. In the 
movements of variation an increase of turgor probably takes place 
in darkness in both halves of the pulvinus, but more weakly or 
slowly on the concave side. The night -position (sometimes called 
sleep-position though these movements have nothing to do with the 
sleep of animals) is always characterised by a vertical position of the 
laminae, the leaf-stalk or the pulvinus curving either upwards or 
downwards; the laminae themselves have thus either their under 
or upper faces turned outwards. In the day-position the surfaces 
stand horizontally or at right angles to the incident light (Fig. 
291). 
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That these phenomena are not due to phototroinsm is shown by tlio day-position 
being assumed whether the under or the upper side is more strongly lighted or 
when the illumination is equal. The same holds for the effect of darkness. 

Excessively high temperature or illumination causes the leaves to depart from 
the usual day-position and to assume a different one ; this is either externally 
similar to the night-position or is diametrically opposite to this. Thus the leaflets 
of RoUnia are bent downwards at night, in diffused daylight they are spread out 
flat, wliile in tlie hot mid-day sunliglit they stand vertical. This so-called diurnal 
sleep is only found in leaves with pulvini and is brought about in a different way 
to the evening change of position ; there is no increase of turgescence but a condition 
of flaccidity, whicli is unequal on the two sides of tlie pulvinus. 

Periodic Movements 

When leaves have carried out regular nyctinastic movements for a long period 
under the influence of the alternation of day and night, the periodic movements con- 



Fio. 2dl,~~Amicia zygomeris, showing diumal and nocturnal position of leaves. 


tinue for some days in constant light or constant darkness. In some plants it is 
possible to bring about experimentally a shorter or longer period of change than the 
usual one of twenty-four hours ; this new periodicity also shows an after effect. 

On the other hand, it is established that, in certain flowers (Calendula) and 
leaves (Phaseolus)^ there are also movements with a period of 24 hours, determined 
not by the rhythm of light and darkness or their after effect. The possibility 
that these movements are autonomous is excluded. It can only be anticipated 
that some unrecognised factor will be found which determines this periodicity. 
The view of S'roprEn that variations of electrical conductivity in the atmosphere 
were of importance has not been confirmed. 


2. Chemonasty 

Chemonasty bears the same relation to chemotropism as photonasty 
does to phototropism. From whatever side a chemical stimulus (such as 
the vapour of ether, chloroform, or ammonia) acts on a sensitive tendril 
the same side of the latter always becomes concave; this is the side 
which is especially sensitive to haptotropic stimulation. 
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These chenionastic curvatures of tendrils are evidently of no use to the plants. 
The same is the case for the nastic movements of tendrils which take place on 
wounding and on rise of temperature (traumatonasty, thermonasty). 

On the other hand, chemonastic movements play an important 
part in some insectivorous plants. Very striking chemonastic move- 
ments are exhibited by the tentacles of JJrosem (Fig. 207). On 
chemical stimulation these curve so that their upper sides become 
concave and the glandular heads are thus brought towards the centre 
of the circular leaf. Such substances as al))umin, phosphates, etc., 
which Drosera can use as food, serve as stimuli (p. 1 7(>) ; so also can 
indifferent and even poisonous substjmees. Often minimal traces of 
these substances (e.fj. 0'0004 mgr. of ammonium phosphate) suffice 
to bring about the irritable movement ; when the stimulus is applied 
to the summit of the tentacle it leads to curvature at the base of 
the latter. There is thus in this case as in certain jffiototropic 
curvatures, but even more clearly than in these, a separation between 
the organ of perception which receives the stimulus and the motile 
organ that effects the movement. The stimulus received by the head 
of the tentacle must be conducted to the base of the latter. 

An insect that has settled on a marginal tentacle will be brought 
by this curvature to the centre of the lamina. The short-stalked 
tentacles borne hero send a stimulus to all the marginal ones, causing 
them to curve inwards. The insect is thus surrounded by many 
glands and covered with their digestive secretion. 

The curvature resulting from growth is carried out in the same way as in 
tendrils. After curvature the tentacle has become considerably longer. When 
growth ceases, the motility of the tentacles is ended so that they can only close 
over a limited number of times. Further, the tentacles of Droscra in common with 
tendrils can exhibit haptonastic, traiiraatonastic, and thermonastic reactions. 
Doubtless, however, their chemonastic irrittibility is the main and most important 
one. Chemical stimuli are concerned in the movements of other insectivorous 
plants, e.g. Dionaea and Pinyuicula. 


3. Seismonasty and Traumatonasty 

In Dionaea the two halves of the leaf -blade (Fig. 210) close 
together not only as a result of chemical stimuli but also owing to a 
mechanical stimulus. In contrast to the haptotropic movements of 
tendrils or of Drosera resulting from contact with solid bodies, in the 
case under consideration every disturbance resulting from a mechanical 
shock acts as a stimulus; the movement can thus be brought about 
by rain-drops. These movements are termed seismonastic. 

The most familiar example of seismonastic movements is furnished 
by Mimosa pudkaf a tropical leguminous shrubby plant, which owes 
its name of Sensitive Plant to its extreme sensitiveness to contact. 
The leaves of this plant are doubly compound (Figs. 292, 293). The 
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four secondary leaf -stalks, to which closely crowded leaflets are 
attached loft and right, are articulated by well-developed pulvini with 
the primary leaf-stalks ; while they, in turn, as well as the leaflets, 
are similarly provided with motile organs. Thus all these diflerent 
parts are capable of movement, and the ap})earance of the entire leaf 
can become, in consequence, greatly modified. In their unirritated, 
light position (Fig. 292) the leaf-stalk is directed obliquely upwards, 
while the secondary petioles with their leaflets are extended almost 
in one plane. Upon any vibration of the leaf, in favourable condi- 
tions of temperature (2r)''-30° C.) and moisture, all its parts perform 




Pigs. 25*2, 293 . — Mimosa pudira, with leaves in normal, tlinriuil position (Pip;. 202); to the right, 
in the position assumed on stimulation (Fig. 293) ; B, inhoreacences. 

rapid movements. The leaflets fold together, and, at the same time, 
move forward ; the secondary petioles lay themselves laterally together ; 
while the primary leaf-stalk sinks downwards (Fig. 293). I^eaves thus 
affected, if left undisturbed, soon resume their former position. 

TTlie position of «. disturbed leaf is externally similar to its sleep- or night-position, 
ut the conditions of tension in the pulvinus which lead to the two positions differ ; 
in the night-position the leaf is still irritable to mechanical disturbance. The 
seismonastic, like the sleep-position, is caused by variations in turgor, but depends 
on a diminution of the osmotic pressure and a flaccid condition of the half of the 
pulvinus that becomes concave. This condition can be most clearly recognised 
in the irritable under side of the main pulvinus of the leaf ; it is connected with 
an escape of liquid from the cells into the adjoining intercellular spaces. 

The same position as is assumed by the leaf of Mimosa when 
touched results also from wounding (cutting, burning, corrosion). 
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The changes in the pulvini are the same on such traumatonastic 
stimulation as on the seismonastic. Similarly on applying other 
stimuli (electric shocks, sudden changes of temperature, or chemical 
stimuli) the same movements of the leaves arc observed as on the 
stimulus of contact. 

These stimuli are not restricted to the pulvirius first aff<‘,cted but 
are conducted for a considerable distance, in extreme cases through the 
whole plant, and at every pulvinus lead to a movement. The quickest 
and most extensive conduction of the stimulus is found when a trau* 
matic stimulus is applied for instance, by holding a burning match 
near the leaflets of one of the pinnae. The leaflets directly affected 
by the flame fold quickly upwards, and this movement is performed 
successively by each pair of leaflets of the pinna until the articulation 
with the primary leaf-stalk is reached. The stimulation is then con- 
veyed to the other pinnae, the leaflets of which go through the same 
movement in the reverse order ; finally, the secondary petioles them- 
selves draw together. Suddenly, when the whole process seems 
appai'ently finished, the main leaf-stalk in turn makes a downward 
movement. From this leaf the stimulus is able to travel still farther 
through the stem, and it may thus induce movement in leaves 50 cm. 
distant. The stimulus can also be conducted from the roots to the 
leaves. 

The rate of conduction of the stimulus may attain after wounding 10 cm. 
and after contact 3 cm. per second, and thus be of considerable rapidity. It is, 
however, greatly below the rate of conduction of the stimulus along human nerves. 
While it is not yet known with certainty how the stimulus is conducted in 
Miviosaf it is clear that the process differs both from tlie conduction along nerves 
and from that in some other plants. The stimulus can certainly be carried across 
killed regions ; it probably passes along the vessels of the wood and depends 
oil the movement of water. According to Kicca it is possible to conduct the 
stimulus through a glass tube filled with water. This investigator sui>poses that 
there is a conduction of substances which arise on contact or wounding. The 
conduction of the stimulus seems to proceed somewhat differently according to 
whether it follows contact or wounding. 

Some other Leguminosae and certain Oxalideae are similar but less irritable. 
Thus Nej)iuma oleracea and.OjmWs acctosella exhibit movements on strong mechanical 
stimuli. These are much less considerable than in Mimosa, As a rule several 
shocks are required in these plants to start the reaction, while in Mimosa one is 
sufficient. The result of stimulation also increases with its increase while in 
Mimosa every effective stimulus under normal conditions starts the maximal 
movement. Movements of the leaves in response to wounding are also not confined 
to Mimosa, 

The power of reaction to stimuli in Mimosa evidently depends 
on external factors, and each of these when in excess or lacking may 
lead to a state of rigor. Whenever the temperature of the surround- 
ing air falls below a certain level (15°), no movements take place, and 
the whole plant passes into a condition known as cold rigor, while, 
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on the other hand, at a temperature of about 40°, HEAT RIGOR occurs. 
A HARK RIGOR is induced by a prolonged retention in darkness. In 
a vacuum, or on exposure to hydrogen and other gases- - chloroform 
vapour, coal gas, etc. — movement also ceases, partly on account of 
insufficient oxygen, and partly from the actual poisonous action of 
the gases themselves. If the state of rigor is not continued too long, 
the original irritability will again retui*n on the restoration of normal 
conditions. Similar conditions of rigor are met with in other cases of 
irritability. 

The variation-movements exhibited by the staminal leaves of some Berberi- 
daceae {BerberiSj Mahonia) and Compositae, especially beautifully by Centaurea 



Fia. 2^>4.— A Hinglo flowor of Centaurea jousea with perianth retnoved. A, Stamens in normal 
position ; B, stjiniens contracted ; r, lower jiart of tubular perianth ; stamens ; a, iinther- 
tubo ; g, style ; P, pollen. (After Pfkffkh, enlarged.) 


ainericaruit bear a certain relation to tliose of foliage leaves. The bow-shaped fila- 
ments of the stamens of the Compositae straighten upon mechanical irritation. As 
they frequently contract 10-20 per cent of their length, the style becomes extended 
beyond the anther- tube (Fig. 294). The reduction in the length of the filaments is 
accomx>anicd by a moderate increase in their thickness, due to the elastic contraction 
of the cell- walls, and the conse(iucnt expulsion of water into the intercellular spaces. 
The stamens of Berheris and Mahonia are only sensitive to contact on the inner side 
near the base, and as their contraction occurs only on the inner side, the anthers are 
thus brought into contact with the stigma. 

The two lips of the stigmas of Mimulmy Goldfussia^ Martynia^ Torenia^ and 
other plants close together when touched. In a short time they open and are again 
seismonastically sensitive. Opening also takes place when pollen has been brought 
to the stigma and germinated on it. The destructive effect of the pollen on the 
Btigmatic tissues then leads, however, to a closing movement which is not a 
phenomenon of irritability. 
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While the extremes of haptotropism on the one hand and 
seismonasty on the other are very distinct forms of irritability, there 
are plants which exhibit a perception intermediate between irritability 
to contact and to shock. This applies to certain etiolated seedlings, 
the haptotropism of which was mentioned above ; a jet of water or 
gelatine is sufficient to stimulate them, though more weakly than 
stroking with solid bodies (^^). 

As regards the mechanism of the movement all seismonastic plants 
follow the type of Mimosa. In Diomea on the other hand the move- 
ment is effected by growth, as in tendrils. 




TAKT II 

SPECIAL BOTANY 

DIVISION I 

THALLOPHYTA. BRYOPHYTA. PTERIDOPHYTA 


2b 




SPECIAL BOTANY 


Special Botany is concerned witli the special morphology, physiology, 
and ecology of plants. While it is the province of general botany to 
ascertain the laws that hold for the structure, vital processes, .‘ind the 
adaptations in the whole vegetable kingdom, it is the task of special 
botany to deal with the separate groups of plants. It is the endeavour 
of special morphology to obtain some insight into the phylogkny OF 
TilK VECJCrABLE KINGDOM by morphological comparison of the manifold 
typos of })lants. The solution of this problem would provide the key 
for the construction of a natural system of classification of plants 
based upon their actual relationships. Such a system must necessarily 
1)6 very imperfect, as it is not possible to determine directly the 
phylogenetic connection of different plants, but only to infer their 
relationships indirectly from morphological comparisons. 

Such a natural system, founded on the actual relationship existing 
between different plants, stands in direct opposition to the ARTIFICIAL 
SYSTEM, to which has never been attributed more than a practical 
value in grouping the plants in such a manner that they could easily 
be determined and classified. Of all the earlier artificial systems, 
the sexual system proposed by Linnaeus in the year 1735 is the 
only one which need be considered. 

Linnaeus, in establishing his classification, utilised characteristics which referred 
exclusively to the sexual organs, and on this basis distinguished twenty-four classes 
of ])laiits. In the last or twenty-fourth class he included all such plants as were 
devoid of any visible sexual organs, and termed them collectively Cryptogams. 
Of the Cryptogams there were at that time but comparatively few forms known, and 
the complicated methods of reproduction of this large group of plants were absolutely 
unknown. In contrast to the Cryptogams, the other twenty- three classes were dis- 
tinguished as Phanerogams or plants whose flowers with their sexual organs could 
be easily seen. Linnaeus divided the Phanerogams, according to the distribution 
of the sexes in their flowers, into such as possessed hermaphrodite flowers (Classes 
I. -XX.), and those in which the flowers were unisexual (XXI.-XXIII.), Plants 
with hermaphrodite flowers he again divided into three gi. )ups : those with free 
stamens (I. -XV.), which he further distinguished according to the number, mode 
of insertion, and relative length of the stamens ; those with stamens united with 
each other (XVI. -XIX.) ; and those in which the stamens were united with the 
pistil (XX.). Each of the twenty-four classes was similarly subdivided into 
orders. While some of the classes and orders thus constituted represent naturally 
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related grou]>s, although by the method of their arrangement in the artificial 
system they are isolated and widely removed from their proper position, they 
include, for the most part, plants which phylogenetically are very far apart. 

liiNNAEUS himself (1738) felt the necessity of establishing natural 
families in which the plants should be arranged according to their 
“ relationships.” So long, however, as the belief in the immutability 
of species prevailed, the expressions relationship and family could 
have no more than a hypothetical meaning, and merely indicated a 
supposed agreement between plants having similar external forms. 
A true basis for a natural system of classification of organisms was 
first afforded by the theory of evolution. 

The system adopted as the basis of the following description and 
systematic arrangement of plants is the natural system of Alexander 
Braun, as modified and further perfected by Eionj.KK, Engleu, 
Wettstein, and others. 

The vegetable kingdom may bo divided into the following four 
main groups : 

1. Thallo])hyta. 

2. Bryophyta. 

3. Ptoridophyta. 

4. Spermatopliyta. 


DIVISION 1 

THALLOPHYTA. BRYOPHYTA. PTERIDOPHYTA 

Since the time of Linnaeus the Thallophytes, Bryophytes, and 
Pteridophytes have been termed collectively Cryiitogams in contrast 
to the Phanerogams or Spermatophyta. These two main divisions are, 
however, of unequal systematic value, for the lower Phanerogams 
approach the Pteridophyta, from which they have originated, more 
closely than these most highly developed Cryptogams approach the 
Bryophyta. The Bryophyta and the Thallophyta agree in being 
composed of more or less uniform cells, and are contrasted as (JELLULAR 
plants with the vascular plants comprising the Pteridophyta and 
Spermatophyta. Since, however, the Bryophyta and Pteridophyta 
agree in many respects, and appear to have diverged from a common 
source, the distinction of cellular and vascular plants must not be too 
strongly insisted upon. 

The SpermatojiMla are distinguished by their distribution by 
means of seeds frOToi the Cryptogams, which form spores. Spores 
are unicellular structures which become separated from the parent-plant, 
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and form the starting-point of the development of a now individual. 
The Cryptogams might, therefore, he termed spore-plants. The seed- 
plants also produce spores, but the sporangium and contained spore, 
which as a special structure develops into the seed, continues its 
devtdopment while still connected with the parent-plant, the seeds 
being ultimately separated from this. 

The Bryo}>liyta and Pteridojjliyta arc united as the Arcliegoniatae on account 
of the structural agreeineut in their female reproductive organs or archegonia. 
These organs are also ])rcsent in a somewhat simplilied form in the lower Spermato- 
phyta (in most Gymnosi>orins), so that a sliarj) line cannot bo drawn between the 
Arcluigoniatao and liiglier groui)s of plants. 

I. THALLOPHYTA (’) 

It was formerly customary to divide the Thallo 2 )hyta into 
Algae, Fungi, and Lichens. The Algae are Thallophytos which 
possess chroinatophores with pigments, particularly chlorophyll ; 
they are, therefore, capable of assimilating and providing inde- 
pendently for their own nutrition (autotrophic). The Fungi, on the 
other hand, are colourless and have a saprophytic or parasitic mode 
of life (hetero trophic). Such a method of classification, however, 
although j)osscssing a physiological value, has no phylogenetic sig- 
nificance, as it does not exj>rcss the natural relationships between 
the various groups. In the Idchens (Lichen cs), which were formerly 
regarded as simple organisms, the thallus affords an instance of a 
symbiosis of Algae and Fungi. From a strictly systematic stand- 
point, the Fungi and Algae comjwsing the Lichens should be classified 
separately, each in their own class ; but the Lichens, among them- 
selves, exhibit such a similarity in structure and mode of life, that 
a better conception of their characteristic peculiarities is obtained by 
their treatment as a distinct class. 

The table of contents at the beginning of the book will afford a 
general survey of the arrangement of the classes which are treated of 
in order below. 


Class I 

Bacteria ®‘^) 

Bacteria are organisms of extraordinarily small size (the smallest ^ 
have a diameter of less than y-o^(nr nim.). They do not possess 
chlorophyll. The majority are unicellular, either spherical or rod- 
shaped, or their bodies have the form of a longer or shorter portion 
of a spiral (Figs. 77 , 295 ). In a few cases the cells are branched 
(Fig. 296 ) ; in some they are united to form filaments (Figs. 297 , 299 ), 
A true nucleus is wanting in bacterial c3Ks. Small granules 
(chromatin granules) can be demonstrated in the protoplasm by staining. 
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These occur singly or several in the cell, and are perhaps functionally 
similar structures to a nucleus. 

In the proto])lasm are minute vacuoles or spheres of reserve materials, consisting 
of car holly d rates (glycogen, but no starch and sugar) fats, and albuminous sub- 
stances (volutin). The cell is enclosed hy a thin membrane which is composed 
neither of cellulose nor of chitiii. In some species the outer layers of the membrane 
swell gi’eatly, so that the cells or cell-rows become embedded in mucilage ; this 
condition is termed the zoogloea-stagc (Fig. 298). A less marked development of 
mucilage produces the tubular sheaths of the filamentous bacteria (Fig. 299) ; in 
some species these sheaths harden and lose their connection with the cells, so that 



Fio. 295. — Shapes of Bacteria. 1, 2, 
Cocci (2, Sarcina); 3, llod-8liap<Mi 
{Bacillus ) ; 4, Vibrio ; 5, Spirillum. 


W 

Fio. ’•l^&.—MyoolHuieriuvi tuberculosis. 
Branched cell. (After Fithiimann.) 



Fio. 2\)7.-^BeggUUoa alha. A, Filament 
with included droplets of sulphur, 
t)»e transverse walls not evident; 
B, Filament with deliciency of sul- 
j)huretted hydrogen, separating into 
its individual cells, (x OOO. After 

UOOOELI.) 


the filament is freely moveable within its sheath. When the filament grows actively 
it may rupture and the sheath be broken through laterally. The further growth 
of the lower portion of the filament, through the opening in the sheath, leads to the 
appearance of ** false branching” (cf. p. 74). The mucilage in other cases may be 
secreted on one side of tlie cell and become a firm stalk in which compounds of 
iron may be deposited {Galliondla ferrugineaj Fig. 300) 

In certain stages of their development many Bacteria possess 
delicate protoplasmic cilia which pass through pores in the mem- 
brane and lead to the active movement of the cells (cf. p. 328 ). 

The cilia are borne in various w^aya (Fig. 301). They may be distributed over 
the whole surface (peritrichous), single (raonotrichous), or in a group springing 
from one point (lophotrichous). Certain filamentous bacteria have the power of 
creeping on a solid substratum (®^). 

Bacteria increase in numbers by means of cell-division, which in 
the rod-shaped forms is always at right angles to the long axis. From 
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this feature the Bacteria are sometimes called Fission -Fungi or 
Schizomycetes. 

In some cases e.g. Chromatium (Fig. 302) two cells have been observed connected 
by a narrow bridge. It is not impossible that this “ conjunction ” (*»') may represent 
a sexual process. 


Under unfavourable conditions many bacteria form resting spores. 
The protoplasm contracts in the middle 
or near one end of the cell and sur- 
rounds itself with a new membrane, 



Fid. 298 . — Streptococmii vu^'icitterioidt's. J, Iso- 
cells without sheath ; 

7^, 0, fonimtioii of chain of cells with 
gelatinous sheath (X 020. After Van 
Tikqhem.) 



Fkj. 299.-~Claclo/hr/j' dicJintovui. Foniuition 
of swai'in -cells from the cells of tht? li la- 
ment. (x lfK)0. After A. Fjsohek.) 


becoming an endospore, (Fig. 303 c). When the spore is mature the 
original wall of the parent-cell swells and disappears. 



Fjo. 300 . — Gallionella ferrugim’ii. 
Cells at the ends of the 
sheaths, which are twisted 
spirally round one another. 
(X 760. After Cholodnv.) 


Fig. 301.— Types of arrangement of llagellu. 
a, Vibrio cholerae (monotrichous) ; b, 
»SpirWiwm 'ttndttZtt(lophotrichouB) ; e, Jiacil- 
lu:< typhi (peritrichous). (x 2250. After 
A. Fischer.) 


Bacillus subtilis, the Hay Bacillus (Fig. 303), which ppears as a rule in the 
decoction obtained by boiling hay in water, will afford an example of the life-history 
of a bacterium. The spores of this species, which withstand the effect of the 
boiling water, produce on germination rod-shaped swarming cells with cilia on 
all sides ; these divide and may remain connected in short chains. At the surface 
of the ffuid these swarming cells change into non-motile cells without cilia ; these 
divide up, giving rise to long intertwined chains of cells. These are associated 
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together in the pellicle covering the surface (zoogloea stage). Spore-formation 
occurs wlien the nutritive substances in the fluid are exhausted. 


Occurrence and Mode of Life. — There are numerous species of 
bacteria, over a thousand, known. They are distributed over the 
whole earth, occurring in enormous numbers of 
individuals in water, in the soil, and in the dead 
and living bodies of animals and plants. They 
are widely distributed with the dust in the atmo- 
sphere. 1 grra. of garden soil contains some 
Fio. im. — chromatium, «^0-100 million bacteria, and 1 mg. of fresh 
ojeenii. Coryunction humaii facces 20-165 million. The wide distri- 



Aftr^PoTTHOFF.)^^^’ bution of bacteria is mainly due to three factors : 

their rapidity of multiplication, the resistance of 
their vegetative cells and spores to unfavourable conditions, and the 
variety in their methods of nutrition. 


Under optimal conditions some bacteria (jau divide several times in an hour, so 
that a single individual could give rise in 24 hours to several million descendants. 

( The spores of bacteria are ex- 






^ tremely resistant to desiccation, 
cliernically active substances (disin- 
A-'.sS feotants), and extremes of tempora- 

yS Some can endure for a short 

/A i\ ^ period both the temperature of 

> 4 ? /ifiv iifluid hydrogen (about ■ 253"* C.) 

A/ (y u ^ ^ ^ boiling water. Even 

W 0 /y (’f ^ vegetative cells of iriany species 

^ Jy ^ are very resistant to drying, but 

M usually killed by a few minutes 

// ^ ^ water at 60® 0. Some can live 

^ '' \ higher temperatures than this, 

(/ example, in the water of hot 

,, springs. Others show an active 
(W^ production of heat by their respira- 

(spontaneous heating of damp 
tobacco, cotton-wool by 
Bacil his calf actor). 

' ■ e. The nutrition of most bacteria 

is heterotrophic, either saprophytic 
Fm. m.--BaeUlus suhtilis. a, d, Motile cells and or parasitic. Obligate parasitism is 
chain of cells; 6, non -motile cells and chains of •, » 

cells ;c, spores from the zoogloea. e. (a-d x 1600; majority of pathogenic 

e X 250. From A. Fischer, Varies, iiher JBoc- can be grown apart from the 

terien.) animal or human body. Culture in 

suitable nutrient solutions (e.gr. meat- 
juice with peptone) presents as a rule little difliculty. On solid substrata (gelatine, 
agar) the bacteria form mucilaginous colonies of various shapes (Fig 304) ; these are 
usually colourless, but in other cases of various tints (pigment bacteria). Bacteria, 
by means of enzymes cause profound changes in their nutrient substratum 
(putrefaction, decay), while pathogenic fonus exert poisonous effects by means of 
toxins. Besides giving rise to diseases in man (Fig. 305) and animals, bacteria 


chain of cells ; b, non-motile cells and chains of 
cells ; c, spores from the zoogloea, e. (a-d x 1500 ; 
e X 250. From A. Fischer, Varies, iiber Bac- 
terien.) 
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cause diseases of plants {c,g. a disease of the potato caused by Badllus pkyto- 
phtortffi), canccr-like growths (crown-gall) on various plants by Bacillus tumefadens. 

Among peculiarities in the nutritive physiology of certain Bacteria (cf. p. 259) 
the following may be mentioned. Carbon-assimilation, in spite of the absence of 
chlorophyll and light, by means of energy produced by the oxidation of inorganic 
compounds ; fixation of free nitrogen ; nitrification ; denitrification ; anaerobic 
life. The photogenic bacteria produce a substance within their cells that is phos- 
phorescent on oxidation 

Bacteria sometimes suller from a disease in which their cells completely break 



Fio. 30*1. — Plato of meat-agar exposed for one hour in an inliahited room, showing the colonies of 
bacteria which have developed after 6 days. (J nat. size, after Lieskei, Kurzes Lehrb. d. alltj. 
liakt&riejtJi'undCy Borutrager, Berlin, 

down. The cause of tliis, which is termed d’Horelles’ ])henomenon, after its dis- 
coverer, is not completely understood. It is caused by what is known as a 
“bacteriophage," which, on the one hand, may be regarded as an extremely 
minute organism parasitic in the body of the bacterium, or on the other hand be 
regarded as an enzyme. 

Classification. — The division of the Bacteri?' into Orders is ex- 
tremely difficult, since their mutual relations are incompletely known. 
The following subdivision is therefore of value as a survey of the 
group, rather than as an ultimate solution of the systematic problem. 

Order l, Eu-Bacteria. — Unicellular, unbranched Bacteria. This order includes 
the great majority of forms. 
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Family 1, Coccaceae.— Spherical bacteria. Genera : Streptococcus, spherical 
cells united in rows : Micrococcus, cell-divisions in tw o directions of space : Sarcina 
(Fig. 295), cell-divisions in three directions of space, the colonies therefore forming 
cubical packets. A number of species of Streptococcus give rise to su}>puration, e.g. 
Micrococcus pyogeius aureus : M. gonorrhoeae (Fig. 305) causes gonorrhoea ; Sarcina 
luiea, which is not pathogenic and forms yellow colonies, is common ini*human 
surroundings. 

Family 2, Bacteriaceae. — Rod-shaped bacteria which do not form spores. 
Genus, Bacterium, Bacterium nitosomonas, forms nitrites from ammonia ; B, 
nitrobacter, forms nitrates from nitrites ; both are autotrophic and occur in all 
soils ; B, radicicola, fixes nitrogen in the root-nodules of Leguminosae ; B, aceti, 
oxidises alcohol to acetic acid : B. acidi lactici, causes milk to turn sour : B. phos- 
phorescens, causes phosphorescence of fish and meat : B. prodigiosum, forms red 
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Fio. 305.— JSfained prexMirations from Ziegler’s Text-hook of ralholoffy. a, Gonococci in the 
gonorrhoeal discharge, mucus and pus corpuscles with cocci (nmthyleno blue and oosin), x 700 ; 
h, tubercle bacilli in sputum of phthisis (Aichsin and methylene blue), x 400 ; c, splenic fever 
bacilli in the pustule. of the disease (methylene blue and vesuvin), x 350. (From A. Fischer, 
Voiies, liber Bacterien.) 


colonies on bread, etc. (“the bleeding host”); i>’. vulgare {=^ Proteus vulgaris) 
causes ill-smelling putrefactions : B. coli, the commonest intestinal bacterium : 
B. dysenterieae, typhi, pestis, influenzae, give rise respectively to dysentery, 
typhoid fever, plague and influenza. 

Family 8, Bacillaceae. — Rod-shaped bacteria, w^hich form spores. Genus, 
Bacillus, Bacillus subtilis, Hay Bacillus (Fig. 303) ; B. hutyricus, forms butyric 
acid ; B, amylobacter, decomposes cellulose ; B, anthracic, which causes splenic 
fever (Fig. 305 c), was the first bacterium to be shown to be the cause of a disease 
by Robert Koch. Anaerobic ; Bacillus saccharobutyricus {Clostridium Pas- 
teurianum), fixes nitrogen in the soil ; B, tetani, tetanus bacillus. 

Family 4, Spirlllaceae.— Spirally wound bacteria. Genera ; Vibrio 295, 4), 
comma bacillus, representing a portion of a spiral turn : Spirillum ('Fig. 295, 6), 
spirally wound. Non-pathogenic forms of Vibrio and Spirillum occur in water ; 
also Vibrio cholerae, the cause of cholera (Fig. 301 a). 

Order 2, Kyoobaoteria The rod-shaped, non-motile cells exhibit true 



DIV. I 


THALLOPHYTA 


379 


branching (Fig. 296) iindor certain conditions of cultivation. This is infrequent in 
Mycobacterium^ but is the rule in Actinomycetea* 

Mycobacterium diphtheriae^ causes diphtheria ; M. tuberculosis^ the Tubercle 
Bacillus (Figs. 296, 305), usually grows as slender, iion-motilo rods, without spores, 
but may also give rise to branched forms. 

The Actinomycetes (’®), which are placed here witli some reservations, grow in 
artificial cultures to an organism of several centimetres diameter, consisting of a 
single, highly branched, and extremely slender cell (diameter 0*6 — 1*0 fx). When 
filaments project into the air, their contents segment, and the portions later, on 


the breaking down of the parent filament, 
become free as spores. Under certain ex- 
ternal conditions the Actinomycetes grow in 
the form of rods which are indistinguishable 
from true bacteria. Actinomyces bovis gives 
rise to Actinomycosis, forming swellings in 
the bodies of animals and human beings. 
A. scabies gives rise to a scab of Potatoes 
and Turni})s. Other species are widely 
distributed as saprophytes. 

Order 3, Trichobacteria, Filamentous 
Bacteria. — The cells are united to form 
unbranched, or falsely branched, filaments. 

Family l, Chlamydobacteriaceae.— The 
attached filaments arc enclosed in a sheath, 
within which the cells may become isolated 
and emerge either in the uon-motile condition 
or as ciliated cells {Cladothrix dichotoma^ 
Fig. 299) ; these free cells later become 
attached and grow into new filaments. The 
best-known representatives of the Family 
are ; Cladothrix dichotoma^ the falsely 
branched filaments of which form a slimy 
growth on algae, stones and wood in water ; 
Crenothrix polyspora with .swarm-spores, and 
Leptothrixochracea without, are species which 
do not show false branching. These two 
forms occur in swamps and ditches and accu- 
mulate hydrated oxide, of iron in their sheaths 
(iron-bacteria) (®*) ; when they develop 
abundantly they may lead to the blocking 



Fio. 306.— .4, Myxococcus digitatm, bright red 
fructification occurring on dung (x 120) 
Ji, Polyajigium primigenium, red fruc- 
tification on dog's dung (x 40). C, 
Chondromyces apiculatus, orange fructifi- 
cation on antelope’s dung. D, Young 
fructification ( x 46). E, Single cyst ger- 
minating (X 200). {A, B after Quehl; 

C-K after Thaxteb.) 


of water pipes, and in the dead condition form a source from which iron is obtained. 


Family 2, Beggiatoaceae. — The filaments have no sheath. They creep on the 
moist substratum, probably by minute contractions that proceed in a wave-like 
fashion along the filament. They reproduce by breaking of the filament into 
jiortions or into its constituent cells. These bacteria are autotrophic, and fre- 
quently form visible white layers on the bottom of sulphur springs containing 
sulphuretted hydrogen (sulphur bacteria) (♦• ®“). Beggiatou, alba^ widespread in 
fresh water (Fig. 297) ; B, mirabilis^ which occurs in the East Sea at Sohlick, is a 
giant among bacteria, forming filaments which are visible to the naked eye. 

Order 4, Msrxobacteria (^^).— The colonies of Myxobacteria consist of a host of 
small rods, without cilia, which can move in a co-ordinated way by means of an 
excretion of mucilage, so that the **pseudoplasmodium” gives the impression of 
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being a single individual (Fig. 306). The rods creep together and become heaped 
up at places to form minute and usually brightly-coloured fructifications ; these 
may be stalked or not, the stalk and wall being derived by a transformation of 
mucilage. The fructifications correspond to cysts, within which the vegetative 
rods shorten and become spherical and so changed into spores. On germination 
these again grow into rods which swarm out of the ruptured cysts (Fig. 306). The 
Myxobacteria live saprophytically and mainly upon the dung of animals. 

Order 5, Spirochaetales (^•®®). — The Spirochaetes are only placed here with 
reservations. Their slender body has no cilia, but shows a wavy curvature and an 
active snake-like movement. They are placed by various authors in relationship 
to the Protozoa, the Flagellates, or the Oscillarieae (Cyanophyceae), but Engleii 
groups them with the Bacteria. Spirochaetc pallida is the cause of syphilis and 
S. recurrentis of relapsing fever. Non -pathogenic forms are of frequent occurrence 
in the mouth. 


Relationships — The position of the Bacteria in tlie genea- 

logical tree of plants is still a matter of uncertainty. They might 
be derived forms from Algae and Fungi, which had lost their 
chlorophyll and diminished in size. An attractive view is to regard 
them as primitive organisms on account of their simple cellular 
structure with no nucleus and the capacity of some kinds to live 
autotrophically. 

No sure connections by relationship can be demonstrated between the Bacteria 
and any other Class, not even to^the Cyanophyceae, along with which they liave 
been grouped as Schizophyta. Fossil Bacteria are known from tlio Palaeozoic 
rocks. 

Survey of the Orders of Bacteria : 

Eu-Jiacte7'ia—Vn\CQ\h\\&Vf unbranched. 

Mycobacteria — Cells sometimes with true branching. 

Trichohacicria — Cells connected to form unbranched or falsely -branched 
filaments. 

Myxobacteria — Unicellular individuals united in colonies. 

Spirochaetales — Unicellular, body flexible. 


Class II 

Cyanophyceae, Blue-green Algae 

The Cyanophyceae are unicellular or filamentous Algae of primitive 
organisation ; they are mostly blue-green in colour and their nutrition 
is autotrophic. The cell-walls consist of cellulose and pectic substance, 
and frequently show mucilaginous swelling; in the protoplasts a 
distinction can be made of an inner colourless region (centroplasm) and 
around this a peripheral region usually of a blue-green colour in the 
form of a hollow sphere (chromoplasra). There are neither definite 
chromatophores nor vacuoles, and the cell does, not possess a true 
nucleus. 
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The pigments are diffusely distributed in the chromoplasm which is not sharply 
defined from the central region. In addition to chlorophyll and carotin there are 
two pigments soluble in water, phycocyan and phycocrythrin, the latter only in 
some species. The relative proportions in which the pigments occur are to some 
extent liable to changes, so that the tint may sometimes be reddish and at other 
times more inclined to blue. This is especially the case for those species that 
exhibit what is known as CHiioMATfo adaptation. In green light these form 
mainly red pigment, and in red light mainly green and blue pigments, so that the 
same species appears as red and green forms, complementary to the colour of the 


light. Starch is never formed as a 
reserve product, its place being 
taken by a glycoprotein derived from 
glycogen. 

Bodies of protein nature in the 
form of short filaments are present, 
singly or in groups in the colourless 
centroplasm. The latter may have 
some of the functions of a nucleus, 
but a true well-defined nucleus is 
wanting throughout the group ; in 
cell - division no chromosomes are 
formed and the process is one of 
simple constriction. 

Sexual reproduction is un- 
known. Reproduction depends 
on the active cell-division, on 
which account the name 
Schizophyceae is sometimes 
applied to the group. The 
cell-rows of the filamentous 
species separate into short 
lengths called hormogonia ; 
these are capable of creeping 



I. II. 


Fio. 307. — I. Oscillaria princeps. T<?riniiial por- 
tion of a filament, (x 1080. Afper Btrab- 
RURGKR.) II. Nostoc Limckii. A species that 
floats freely in water. A, Filament with two 
heterocysts (h) and a number of spores (.sp); 
B, isolated spore beginning to germinate; 
C', young filament developed from 8ix)re. 
(x 650. After Bornkt.) 


movements and give rise to new plants. In many species resting 


SPORES are formed by the enlargement of certain cells, thickening of 


their walls, and storage with reserve food-materials ; these serve as 


a means of persisting through unfavourable periods (Fig. 307, II). 


Most Cyanophyceae are non-motile. Some filamentous forms show creeping 
movements on moist substrata. Cilia are wanting and the movements are probably 
due to the excretion of mucilage which swells in water or to contractions of the 
plant-body ^). 

The simplest Cyanophyceae (e.g.f Chrooeoccua) consist of roundish blue-green 
cells. In Gloeocapsa (Fig. 34) the si)ecies of which form slimy growths on damp 
walls or rocks, the cells remain connected by their stratified muoilaginous walls to 
form multicellular colonies. 

In the filamentous Hormogoneae the cells are connected by plasmodesms. The 
filaments are sometimes unbranched and in other oases exhibit false branching 
(Fig. 82). In the Oscillarieae, which are common in water and on muddy soil, the 
filament is composed of disc-shaped cells (Fig. 307, 1). The genus Nostoc on the 
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other liand, has bead*likerows of cells, which form spherical or irregular mucilaginous 
colonies (Fig. 307, II). In Nostoc , and in many other Cyanophyceae, single cells at 
regular intervals in the filaments form hkteuocysts (Fig. 307, II h ) ; these are 
yellowish, the assimilatory pigments having disappeared, while the wall is some- 
what thickened. As a rule these structures are functionless, but in a few cases 
are known to give rise to new filaments. 

The Cyanophyceae are distributed over the whole earth as 
mucilaginous masses or sheets of fine filaments occurring in water 
(even in hot springs), on moist, muddy soils and on the bark of trees. 
They play a most important part in the first colonisation of exposed 
rocks. 

Certain Cyanophyceae live as plankton in tlie surface waters of lakes and 
ponds, covering them with the so-called “ water bloom ” ; in the warmer seas 
IVichodcsmium crythraemn forms a **sea bloom” w'liich gives the water a rod 
colour (Red Sea). Some Blue-green Algae occur along with Fungi as constituents 
of Lichens. Some live eiidophytically in cavities in the. tissues of other plants ; 
thus Anabaena occurs in Axolla^ and by assimilating the free nitrogen of the air 
has a similar significance for the latter jdant as the nodule bacteria have for the 
Leguminosae. In the case of some other Cyanophyceae also the power of fixing 
free nitrogen has been demonstrated (^®*). 

The relationships of the Cyanophyceae to other groups of organisms 
are still quite uncertain. On account of the great lack of differentia- 
tion in their cell-contents they are probably to be regarded as per- 
sistent ancient forms, which have not undergone further development. 

In the fossil condition the Cyanophyceae are known, though often with some 
uncertainty, from the Cambrian onwards. 

Survey of the Orders : 

Chroococceae. — Unicellular or colonial ; without hormogonia or heterocysts. 

Uormogoncae, — Filamentous, with protoplasmic connections between the 
cells ; hormogonia always and heterocysts frequently 
present. 


Class III 

Flagellatae (Flagellates) (h ib 12, 17-19, 27) 

The Flagellates are small unicellular organisms with a true nucleus, 
though this usually differs somewhat from the nuclei found in the 
cells of higher plants The protoplast exhibits contractile or 

amoeboid movements, and is limited by a denser protoplasmic layer 
and not by a definite cell-wall. One or more cilia (flagella) are 
present as motile organs. The protoplast contains a nucleus, a 
pulsating vacuole, and in many species well-formed green, or brownish- 
yellow, less commonly blue or red, chromatophores. A red eye-spot 
is frequently present. The product of assimilatioix is usually oil, but 
starch and other carbohydrates also occur. Other forms are colourless 
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and are saprophytic or obtain their food like animals. The protoplast 
of some Flagellates, especially of the colourless forms, may take on an 

amoeboid condition in which it 
exhibits changes in form and 
creeping movements. In other 
cases slender processes or pseudo- 
podia may be put out and again 
withdrawn as in the Rhizopoda. 
These assist in the absorption 
of solid particles of food, e,g, 
diatoms, green algae, etc. (Figs. 
308, 314). 

Most representatives of the 
group live as naked, free cells; 
others form more or less compli- 
cated cell-colonies held together 
by mucilage, or they possess 
peculiar stalked or unstalked firm investments (Fig. 309) sometimes 
with siliceous (Silicoflagellatac) or calcareous 
(Coccolithophorideae) skeletal structures (Fig. 
310). 

Multiplication takes place by longitudinal 
division, and in many species thick -walled 


Fio. 30S.—Chrymmoeha ra/Uans. Occurs in fresh 
water and Inis a single cilium and two brown- 
isli-yollow chrornatopliores. J, Ordinary form ; 

amoeboid condition with radiating pseudo. 
YKidia. (After Kleiis) ; Orhronionas. Cyst 
with opening and plug. (After Pascher.) 





Fig. 3()9.—Dinohryon Sertularia 
(Cryptomonadales). Occurs 
in fresh • water plankton 
and forms invested colonies. 
(X460. After Sknn.) 


Fia. 810.—- A, Distephanus spmUum, (After Borget.) 
Bf C, Calyptrosphaera itisignis from the Adriatic ; 
B is in optical section and C in surface view. 
(X1200. After Schiller.) 


resting spores or cysts are produced. On the germination of these, 
after division of the contents, a number of daughter-cells uiay be 
liberated. Sexual reproduction, by the conjugation of two cells, has 
only been observed in a few cases. 


Flagellates live in all bodies of water, from puddles and gutters to the ocean, 
and often occur in enormous numbers, so that the water is coloured brown or green ; 
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350,000 individuals of Coccolithophoridae have been estimated to occur in a cubic 
centimetre of water. 

The different shades of colour met with in the FJagelljitae, together 
with differences in the details of their structure enable the following 
groups to be distinguished. 


Chrysomonadales. — The radially symmetrical cells have one or two cilia and 
chromatophores in which the chlorophyll is more or less concealed by an imperfectly 
known brownish -yellow pigment. On assimilation a special organic compound, 
called Icucosin, is formed in addition to fat and oil. The endogenously formed 
spherical cysts, the wall of which is usually silicified and has a pore closed by a 


plug or stopper, are especially characteristic of the 
group (Fig. 308, 3). 

Cryptomonadales. — These also have a brown colour. 
The cells are laterally compressed and thus dorsi- 
ventral, and frequently have an obliquely truncate, d 
anterior end (Fig. 311). Two cilia of unequal length 
spring from an anterior furrow or a gullet-like 
depression. Some forms have 
starch as the product of assimi- 
lation, around pyrenoids that 
occur free in the protoplast. 

Dinoflagellatae (Peridineae) 
(1' — Tliese are highly 

developed Flagellates. They occur 
as unicellular, free - swimming 
organisms in fresh water, but for 
the most part in the sea, where, 

Fio. Ul.’—Cri/pt 
erose. (x 650 
Stein.) 

constitute an important coii- 


imonas together with the Coccolitho- 
Affcer ^ 

phorideae and Diatomeac, they 




Fio. 312.— Peridinium tv h tdatnm. 
(After SoiiiLLiNo.) 


stituent of the phyto-plankton. Their cells are characterised by the pos- 
session of two long ribbon-shaped cilia or flagella which spring from the 
middle of the ventral surface in a longitudinal furrow ; one of the cilia 


is directed backwards, the other is thrown into curves and lies in a transverse 


furrow (Fig. 312). The protoplast has a nucleus, vacuoles of different sorts, 
and numerous brownish-yellow chromatophores ; the latter contain a mixture of 
several pigments. Starch or oil is formed as the product of assimilation. While 
the Gymnodiniaceae (Fig. 318 d) have naked cells, the typical Peridiuiaceae have a 
wall formed of polygonal plates composed of cellulose ; these are usually delicately 
sculptured and perforated with pores. The transverse furrow is formed by one 
girdle-shaped plate (Fig. 312). 

In many Peridineae of the plankton the plates bear special wing-like expansions 
(Fig. 313) or the cells have long horn-like processes. These adaptations enable 
the organisms to remain floating in the water (^‘*). Tlie form of the cell is very 
variable ; for instance in Cemtium hirundinella individuals with two, three, and 
four horn-like processes are produced, under the influence of diverse thermic, 
optical and chemical stimuli (^®). 

Increase in numbers is effected by division of the cells which usually takes place 
in the motile condition ; when the wall is thick and sculptured it is usually 
ruptured. 
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Certain marine Dinoilagellates are phosphorescent and play an important part in 
the phosphorescence of the sea (®). Examples are Ceratium tripoSy Peridinium 
divergenSy and Noctiluca miliaris. The last named attains a diameter of 1 *5 mm. 
and is placed in this group on account of the resemblance of its zoospores to 
Gymmdinium. 

Heterochloridalea.— This group is characterised by the yellow-green colour of 
the chromatopbores, the chlorophyll being mixed with a yellow jiigment which 
turns blue with acids. They have always two unequal cilia and as their assimilation- 
products a fatty oil and leucosin, never starch. 

Euglenales.— The green scum or “water-bloom” frequently seen on village 
ponds may consist of Puglena (Fig 314). The elongated cells are sometimes 



Fi<i. 313.-—Peridiiieae of the plankton. A, Cemtocorys horridn var. afneana, Indian Ocean (x 2/>()) ; 
jB, Ceratium tripos intermedium var. acqvatoriale, Indian Ocean (x 6‘J); C, Ceratium trijms 
gibberum, and 1), Ceratium palmatuin, Atlantic Ocean (x 02); K, Ceratium furai, Atlantic 
Ocean (x 125). (After 0. Karsten.) 

flattened and are capable of metabolic changes of form. They move by means of a 
flagellum, wliich arises at the anterior end from a gullet-like depression. The pure- 
green chromatopbores, a number of which pe present in the cell, form a starcb-like 
substance called paramylon. ' * 

PolyblephaxidaleB.— The naked cells are provided with 2, 4, or 8 cilia of equal 
iangth. At the hinder end is a pure-green, cup-shaped chromatophore in which is 
a pyrenoid around which starch is formed. While Polyhlepharis multiplies only 
by dividing in a longitudinal plane, more highly developed forms (e,g, Dunalulldy 
Polytomellay Phyllocardium) have also sexual reproduction. The vegetative cells 
divide to give rise to a number of ciliated gametes, which unite in pairs to form 
zygotes ; on the germination of the zygote four vegetative motile cells are formed. 

In all groups of Flagellates there are — in addition to the 
coloured autotrophic forms — also colourless forms living heterotrophic- 
ally ; these may even be able to ingest solid food by means of 
pseudojgodia (Fig. 315). 


20 
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In the case of some coloured species {e,g. Euglena gracilis) it lias been found 
possible to produce a colourless form with leucoplasts ; this is done by cultivating 
the organism in the dark in suitable organic food solutions e,g. 2-4% solution of 
dextrose or levulose. It has even been possible to obtain individuals without 
leucoplasts (Fig. 314). 

Whole orders (Protomonadinae, Polymastiginae) also are colourless and doubt- 
less derived phylogenetically from coloured ancestors. Tp the Protomonadinae 

belong certain forms that live in the 
blood and the gut of animals and give 
rise to some tvojiical diseases. Thus 
IVif'panosoma Brucci causes the Tsetse- 
disease of cattle, and T. gamhiense 
(Fig. 316) the sleeping sickness in 
man ; both are conveyed by flies 
belonging to the genus Glossina. 
Plants also may be infected by colour- 
less Flagellates. 

In spite of differences in colouring, 
the Chrysonionadales and the Hotoro- 
chloridales are closely related, and so 
also the Gryptonionadales and the 
Dinollagellatae ; 
the Kuglenales and 
the Polyblephari- 
dales are isolated 
groups. 

Some Flagellates 
with sculptured 
walls have been 
preserved as fossils. 

I'hiis Silicollagel- 
hites are known 
from the Cretaceous 
period, Dino flagel- 
lates from 



Pig. 814. — ErigUma grorcllis. A, Form with green 
chroinatoi)hor«}s (ch ) ; /?., nucleus ; v, vacuole and 
red eye-spot ; g, flagellum. B, Heiui-saprophytic 
form with small green chromatophores. r - i p 

Colourle.ss saprophytic form occurring in nutrient ^ Cocco- 

.solutioii in absence of light. />, Resting cyst of Hths even from the 
the form C; r, rod eye-spot. Germination of Cambrian, 
the resting cyst of the form A by division into ]^gy 
four daughter-cells which later escape. {A,Cx Ov/lnvu 

AaerZ^MsiU.) Coloured 

Flagellates : — 



the Fiw. 815.— Afcwfi{;a«i- 
oeba invertens. A 
colourless Flagel- 
late. .4, Free swim- 
ming. /I, Amoeboid 
condition. (xlOSS. 
After Lemmbr- 

MANN.) 


Chrysoinonadales. -^-BvowUf radially symmetrical, 1 or 2 flagella, characteristic 


Cryptomonadales.—BrovfHf dorsiventral, 2 unequally long flagella. 
Dhioflagellatae. Brown, dorsiventral, 2 unequally long, ribbon-shaped flagella, 
in characteristic longitudinal and transverse furrows, 

Heterochloridales, — Yellow-green, 2 unequally long flagella. 

Euglemles^-^GrTeeUf 1 flagellum. 

Potyblepharidales. — Green, 2-8 equally long flagella. 

Series derived the Flagreliatae. — The Flagellates, as has 
been seen in the preceding account, exhibit great variety. In none 
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of the particular groups, however, can primitive forms be recognised ; 
even those that appear most primitive must be regarded as derived 
from extinct and simpler types. On the other hand, more highly 
organised series of forms appear to have developed from most of the 
groui)s. The lowest animals (Rhizopoda) can be connected with the 
colourless Flagellates, while series of plant-like forms, which have 
recently been especially studied by Pascitkr, are related to the 
pigmented groups. These derived forms begin with permanently 
motile, unicellular organisms ; at a higher stage the cells are for the 
most part non-motile (Capsales an<l Coccales) and only liberate motile 
cells in reproduction ; the highest stage in the development is reached 



Fj(i. 316. — Tryptin- 
osmi/ 1 . rtamhieme. 
From tho blood of 
an infected inon* 
key, the flagellum 
forming an undu* 
lating membrane' 
(After Minch IN.) 



Fio. 317. — Hydi-urus foetidus, A, Apex of a branch of the 
colony enclosed in mucilage. (After Berthoi.d.) 
/J, rhnmthamnium Borzianum. Young plant forming 
zoospores, and showing the basal cell. (After Bokzi.) 
O’, H warm -spore with chroniatophoni, eye -spot, sphere 
of leucosiu at the hind end and two vacuoles at the 
anterior end, which bears two cilia. (After Paschbr.) 


by filamentous, usually attached forms (Trichales) which also produce 
motile swarm-spores. The higher forms can in part be regarded 
as true Algae, without, however, attempting to draw any sharp line 
between the Algae and the Flagellates. 


The Chrysophyceae are derived from the Chrysomouadales. Ilydrurus foetidus 
has richly branched, firm, mucilaginous colonies (Fig. 317, A) which may attain a 
length of 30 cm. Diaeothamnion has the highest organisaUon (Fig. 317) ; its 
branched filaments form small plants, under ^ ram. long, which are attached to 
the surface of fresh- water species of CladopJiora by means of a hemispherical basal 
cell. The swarm-spores which escape from the cells of the filament resemble the 
Chrysomonadinae, with a brown cliromatopbore, eye-spot, and two contractile 
vacuoles. When the swarm-spore becomes attached it loses the cilia, contractile 
vacuoles, and eye-spot, and develops into a new filamentous plant. The silicified 

201 
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cysts, witli pore and jdug, of the Chrysomoimdinae also occur among the Cliryso- 
phyceae. 

The Cr3rptophyceae is another series derived from tlie Cryptomonadales. 

The Dinophyceae, similarly related to the Dinoflagellatae, is a series com- 



® c d 

Fio. SIS.— Cystodinitm Steinii : a, cyst ; h, division into two sw’nrm-cells ; c, a cyst swelling ; 
d, liberated swarm-cell, (x 480. After Klebk.) 


mencing with unicellular non-motile forms like Cysfodiniinn {Vig. 318), and attains 
its highest point in Dinoihrix (Fig. 319) which forms ii regular filaments consisting 

of a few cells. Both Uyatodmiuni and Dinothrix 
liberate swarm -spores that resemble Gymno- 
dinium. 

The Heterocontae are to be traced back 
to the Heterochloridales, since their motile 
cells have the same features (two cilia of 
unequal length, yellow-green chroniatophores, 
leucosin and oil). Heterococcus may be uni- 
cellular, or form a flat layer or a short filament. 
Trihonema {Conferva) is a widely distributed, 
fresh-water genus with unbranched filaments 
(Fig, 320). Botrydinm gramilaturti (Fig. 321) 
is adapted to life on land, occurring on moist 
loamy soils ; the unicellular, but multinucleate 
thallus has the form of a pear-shaped green 
balloon, some 2 mm. high, and attached below 
by branched colourless rhizoids. The zoo- 
spores, which are produced in large numbers 
and escape from an opening at the summit, 
have two chloroplasts and two unequally long 
cilia attached at the pointed end (Fig. 321, j?) ; 
on forming a wall they grow into new 
vesicles. Sexual reproduction is unknown (‘^). 

The most highly developed series of plants derived from the Flagellates is that 
of the Isooontae or Chlorophyoeae, which are related to the Polyblepharidales. 
On account of the variety of the forms and the advanced stage of development ex- 
hibited, the Chlorophyoeae require separate treatment (p. 394). The Diatoms, 



Fio. with Gymnodinium- 

like zoospores in the cells. (After 
Paschbr.) 
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which also stand in relation to the Flagellatac, must however be considered 
first. 


Class IV 

Diatomeae (Diatoms) (i> 20, 23^ 

The Diatomeae (Bacillariophyta) constitute a very large class of 
unicellular Algae. They occur, usually associated together in large 



1 . 2 . 

Fta. 820. — Tribonema iMinhycina. 
1, Filament. 2, Zoospore. Witli 
imequally long cilia, (After 
Gav an<1 Luther, from Olt- 
mannh’ AJg(U',.) 



Fio. 821 . — Itotrydium grannlatnvi, A (x28). 
Ji, Zoospore (xlOOO). (After Strasbukoer 
and Kolkwitz.) 


numbers, in both fresh and salt water, and also on damp soil. The 
subaerial forms can endure dessication for months. 

The cells display a great diversity of shape ; this is based either 
on a bilaterally symmetrical (Fig. 322) or on a centric type (Fig. 
323). 

The cell-walls, with their outer layers silicified while the inner 
layers are composed of pectic substance, are very characteristic. 
The wall is formed of two halves or valves, one of which overlaps 
the other like the lid of a box. The cells thus present two altogether 
different views, according to the position in which they are observed, 
whether from the girdle or VALVE side (Fig. 322). 

The lateral walls of the two valves} are formed of the girdle pieces attached 
beneath the margins. In some genera the girdle side is extended by the intro- 
duction of annular or scale-shaped intermediate bauds. 

The walls of the cells, particularly on the valve side, are often ornamented 
with numerous, fine, transverse markings or ribs, and also with small protuberances 



S90 


BOTANY 


PART 11 


and pits (Fig. 322, A). They are often perforated by o]>en pores which serve to 
give exit to the mucilaginous secretion. 

The two valves are so strongly impregnated with silica tliat, even when 
subjected to intense heat, they remain as a siliceous skeleton, retaining the original 
form and markings of the cell-walls. When tlie siliceous part is removed by 
hydrofluoric acid the pectic basis of the wall remains. 


The cell has always a central nucleus which is almost as complex 
in its organisation as in the higher plants. The chromatophores are 



of a brownish -yellow colour. Pyrenoids are 
often present. The pigments are chloi’ophyll 
and yellow phycoxanthin. Globules of a 
fatty oil are also included in the cell- 
contents, and take the place of starch as an 
a ssimilation-product. 

The cells arc either solitary or form colonies; they 
are free-floating or united in colonies of various 
types. Sometimes they are attached by means of 
gelatinous stalks excreted by the cells themselves 
(Fig. 824). In other eases the cells remain con- 
nected at their angles by mucilage and form bands 
or zigzag chains, or, on the other hand, they are 
enclosed in mucilaginous tubes. 

The Diatomeae multiply vegetatively by 
cell-division. In this process the two valves 
are first pushed apart from one another by 
the increasing protoplasmic contents of the 
mother-cell, which then divides longitudinally 
in such a direction that each of the two new 
cells retains one valve of the mother-cell. 
After the division of the protoplasm of the 
mother-cell is accomplished, each daughter- 
cell forms, on its naked side, a new valve 


Fio. s 22 .-^PinnvXaria yiridu. A, fitting into the old one. The two valves 
[x of a cell are therefore of different ages. In 

consequence of this peiuliar maimer of 
division, since the walls of the cells are silicified and incapable of dis- 
tension, the daughter-cells become successively smaller and smaller, 
until finally, after becoming reduced to a definite minimum size, they 
undergo transformation into auxospores. The auxospores are usually 
several times larger than the cells from which they arise, and by their 
further development they re-establish the original size of the cells. 
They arise under particular conditions and not necessarily only when 
the minimal size has been reached. 


The sexual reproduction consists of a conjugation of similar 
gametes, and, so far as is at present known, the reduction-division 
^ways takes place in the formation of the sexual cells. 
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Order 1. Centrales 

In tliese the valves are symmetrical about a centre, and have the sculpturing 
radially or concentrically arranged (Fig. 323). The great majority of the forms of 
this order are marine, and play a large part in the composition of the plakkton (i*). 
The plankton diatoms are provided with special arrangements for floating, e.g. horn- 
like projections or wings of the cell-wall such as are seen in Figs. 323 and 325. Some- 
times they are associated in chains or otherwise by mucilage. The vegetative cells 
of tlie Centrales have no motile organs. 

Some Centrales are able to form resting spores within the rigid cell-wall. 



Fio. 323.—rianktoniella sol. Atlantic Ocean. A disc- 
shaped plankton diatom with a hollow wing, serving 
for floating, arising from the girdle side. The proto- 
plast contains a nucleus and numerous chromato- 
idiores. (x 322. After G. Kakstbn.) 



Fio. 324. — Licmophora flabellata. 
Colony of Diatoms with branched 
gelatinous stalks. (After Smith, 
from Goebel’s Organographie.) 


These sink to the bottom and can survive unfavourable periods, germinating 
later to form vegetative cells. 

The AUXOSPORE formation in the Centrales takes place by simple growth, by 
the protoplasmic body of a cell becoming free from the cell-walls and increasing 
in size ; the enlarged cell is first surrounded by a weakly silicificd membrane 
(perizoniurn), and in this the new valves are formed (Figs. 325, 326, JB). 

In the formation of gametes (“), for example in Biddulphia mohiliensis (Fig. 
326, Cy D)t the cell first divide into two ganietangia which round themselves 
off ; the contents of each of these divide into numerous (in some species 128) 
naked nucleated cells. These gametes are provided with a pair of equal cilia (Fig. 
326, M) and, like the vegetative cells, have the half number of chromosomes. They 
emerge and fuse in pairs to form naked zygotes with four cilia. These later sur- 
round themselves with a wall and have the appearance of small vegetative cells. 


Order 2. Fannales 

The Pennate Diatoms live mostly on the floor of ponds, etc., or on the surfaces 
of submerged plants ; others inhabit damp soil. In shape they are elongated, 

2 C2 
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elliptical, or boat-shaped, but may be wedge-shaped ; the valves have their 
sculpturing pinnate (Figs. 322, 327). In many of the Pennales (Fig. 322) a 
longitudinal line corresponding to an opening in the cell- wall, and exhibiting 
swollen nodules at both extremities and in the middle, is to be seen on the 
surface of each valve. Forms provided with such a median suture or raphe are 
characterised by peculiar creeping movements, resulting from the friction of the 
streaming protoplasm in the longitudinal slit of the raphe against the substratum 
or tlie surrounding water. 

In the process of sexual reproduction two cells lay themselves side by side 
and secrete a covering of mucilage. The nucleus of each cell undergoes reduction, 
dividing to form four haploid nuclei. Four gametes are not, however, produced as 
might have been expected, but some of the nuclei become small and functionless 
so that a smaller number of gametes result. Thus in Navicula^ Pleurosigmaj etc. 



Pio. S25,—Coret1iron Valdivim, From the Antarctic plankton, a, Coll with floating bristles 
and tentacles; h, Auxospore formation ; the protoplast after casting off one valve has emerged 
from the other and, surrounded by the perizonium, has become some four times its original 
size. (After Karsten.) 

the protoplast of each cell divides to form two gametes (Fig. 327), each of which 
possesses a small functionless nucleus in addition to the larger nucleus that will 
undergo fusion later. The gametes from the two parent-cells now conjugate in 
pairs, the zygotes having at first four nuclei ; the two large nuclei fuse while the 
small nuclei degenerate. Each of the diploid zygotes becomes invested by a thin 
wall (perizonium), within which it undergoes considerable increase in size. 
Ultimately the protoplast secretes two new valves and thus constitutes a new 
individual several times larger than the original cells. The zygotes are here~-and 
similarly in all Pennales — at the same time auxospokes and may be termed auxo- 
ZYOOTES. 

In other Pennales the process is simpler ; thus in some {Surirella, Cocconeis) 
each coll forms only one large and three degenerating small nuclei, so that only one 
zygote is formed on conjugation (Fig. 328). In some (iZAaJdoTieTna) all gamete- 
formation is omitted and the protoplast of the mother-cell develops to an 
auxospore by simple growth. 

Many Pennales occur in places where decomposing substances are present 
in abundance. Such species can assume a saprophytic mode of life, their 
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chroniatophores becoming colourless and reduced in size. It has been shown that 
some colourless species of Nitzschia which occur in the sea are exclusively dependent 
on organic substances for food, the reduction of their chromatophores and pigment 
being complete p). 

On account of the extreme fineness of the markings of their valves, it is 



Fio. S2Q.—BiddvJphia mohilienHs, A, View from the girdle side ; U, auxosi)ore fonnation ; C, cell 
divided into two gametangia ; D, formation of gametes {A-D x 228, after T. Beboon) ; 
E, gametes of Cosrinodisrw (after Pavillaro). 

customary to employ certain species of Diatoms as test objects for trying the 
lenses of microscopes. Pleurosigma angulatum is commonly used for this purpose. 


In considering the relationships of the Diatoms the ciliated gametes 
are of the greatest importance, since they indicate that the Diatoms, 
and in particular the Centrales, are derived from brown Flagellates. 

There is no further development towards higher forms, b^t the series ends with 
the Pennales as a phylogenetically younger group derived from the Centrales. 

The characteristic structure of the celhwall, as well as the formation of 
endogenous spores, and the silicification of the wall, all appear more feebly in 
some Chrysomonadinae. There are thus indications of special relationship to this 
group. 
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Fossil Diatoms are only known as far back as the Upper Lias. They are 
especially abundant in Tertiary rocks, where their silicified walls form a large part 
of the deposits of siliceous earth (kieselguhr, mountain meal, etc.), and in this 



Fig, 827. — Formation of auxozygotes in Navieula 
viridula. A, Coll seen from the valve side. B, 
Two cells lying alongside one another ; their 
contents have divided into two daughter>cells, 
each of which possesses two nuclei. C, D, 
Conjugation in pairs of the daughter-cells to 
fonn the auxospores, which at first contain 
four nuclei, /?, The two full-grown auxospores. 
(X 600. After Karstbn.) 



F J a .328. — iS u rirelln m-xonmu 
Auxozygote in the empty 
valves of tbeparent-celle. 
(After G. Karsten.) 


form are utilised in the manufacture of dynamite. The Tertiary species are in 
part identical with those now living or belong to existing gehera. 

The two orders of Diatomeae are mainly distinguished by the following 
characters : — 

Centrales. — Cells centric, without raphe, non-motile ; auxospore formation 
independent of the sexual fusion ; gametes ciliated. 

Pennales. — Cells bilateral, sometimes with raphe, motile ; auxospore formation 
in connection with the conjugation of non-motile gametes. 


Class V 

Chlorophyceae (Green Algae) Q* 

The pure green chloroplasts, which frequently contain pyrenoids 
and nearly always form starch, are characteristic of the Chlorophyceae. 
The cell-walls consist mainly of cellulose. The asexual reproduction 
in all typical cases is by means of naked swarm-spores (zoospores) ; 
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these are pear-shaped, with two or four equal cilia at the pointed end, 
usually a red eye-spot, and in the hinder part a curved or bowl-shaped 
chloroplast. 

The swarm-spores by means of phototactic movements (p. 330) reach situations 
which provide favourable conditions for their germination, and grow into new 
plants. 

In the sexual reproduction (Figs. 329, 331) two gametes, which 
often resemble the asexual swarm-spores, conjugate ; the male gametes 
at least are always ciliated ; the female are in some cases non-motile 
egg-cells. The spherical zygote usually becomes a thick- walled resting 
cell and is often coloured red by haematochrome ( = carotin). On its 
germination the^ reduction-division takes place. 

Most Chlorophyceae occur, free or attached, in fresh water, or in 
moist situations ; some kinds are aerophilous and can endure complete 
drying-up A few live symbiotically in Lichens or within the 

cells of loAver animals. Some larger forms occur 
on the sea-coast. The Chlorophyceae, on the other 
hand, form a very small proportion of the marine 
plankton. 

Order 1. Volvocales 

Tyf)ical representatives of this order are characterised by 
the cilia being retained by their cells in the vegetative 
stage ; tlie plants are therefore motile. Each cell has a 
nucleus and a chloroplast. They are widely distributed 
organisms of the fresh-water plankton, and may appear in 
such numbers as to give the water a green colour. Their 
development is often favoured by organic food materials ; 
a few species (e.gf. Polytoma uvclla) can even live as total 
saprophytes and have no chlorophyll. All Volvocales have cell- walls which, 
according to the species and stage of developmen|t, may contain hemicelluloses, 
pentoses, pectin, and true cellulose. 

QhlamydomotUM^ belonging to the family Chlamydomonaceae is a widely 
distributed genus. The free-swimming microscopically small cells (Fig. 330) have 
two cilia, a red eye-spot, two contractile vacuoles, and a cup-shaped chloroplast 
with a pyrenoid. Asexual reproduction is by means of swarm -spores which are 
produced by the longitudinal division of the cell-contents to form 2-16 cells, which 
become free by the rupture of the original cell-wall. There is also a process of 
sexual reproduction. Biciliate gametes arise in much larger numbers (2-64 or 
more) in the mother-cell, and these unite in pairs by their anterior ends to form 
the zygote (Fig. 329). Besides species with isogamy there are others that are 
heterogamous ; in these a small (male) gamete fuses with a lai‘ger (female) cell 
(Fig. 381). The male and female cells here always arise from different mother- 
cells, and the same holds for the gametes of some isogamous forms. A further 
stage is seen in Oklamydomonas coccifera^ in which the female gamete has no cilia 
and is thus an egg-cell. Thhs, in this genus of unicellular Algae, a series leading 
from isogamy to oogamy can be traced. 


, 4 \ 



Fk;. //aemafococc'ws 
lintschlii. A, gamete; 
li, conjugation of two 
gametes ; C,D, zygotes. 
(x800. After Bloch- 

MANN.) 
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HaematococCKS is closely related to Chlam/ydonionas ; the cells contain liaemato- 
chrome and give rise to the red colour of rain puddles [H. pluvia/is) and to I’ed 
snow {U, nivalis). 

The Family Volvocaceae including colonial forms, is closely connected to 
the unicellular Chlamydomonads. In Famiorina 16, and in Eudorina 32, cells are 

united to form free-swimming, spherical 



Fio. 380. — 1, Chlamydomoiinn atigulosa (after 
Dill) ; g, cilia ; y, vacuolo ; A:, nucleus ; 
c/ir, cliromatophoreH ; py, pyrenoid ; a, 
eye-spot. S, Chi. mhcaudata, witli four 
daughter- cells in a parent -cell (from 
Pascher). 


colonies. In asexual reproduction each 
cell of the colony divides into a corre- 
sjionding number (16 or 32) of cells, 
which do not separate, but are set free 
as complete daughter - colonies. In 
Folvox (Fig. 332) the hollow spheres, 
as large as a pin-head, are composed 
of several thousand cells, each with 



Fi(j. 331. — Chlamydomonaslimunii. 
Fusion of a male with a female 
gamete. Lettering as in Fig. 
380. (After (Iorosoiiankin.) 


two cilia, an eye-spot, and a chloroplast ; the protoplasts are connected by 
fine processes, and, since further there is a certain division of labour between 
them, the spherical organism must be regarded as a multicellular individual and 
not a mere colony. In the asexual reproduction only certain cells divide to form 
new individuals and these project into the interior of the parent sphere ; they be- 
come detached, lying within the central cavity (Fig. 332, E), and only become free 
by the breaking down of the parent individual. The sexual cells of Volvox are 
differentiated as egg-cells and speriiiatozoids. The cgg-cells arise by the enlarge- 
ment of single cells of the colony ; they are large, green, iion-motile cells surrounded 
by a mucilaginous wall. The small .spermatozoids are elongated bodies of a bright 
yellow colour, provided with two cilia attached laterally below the colourless 
anterior end ; they arise by the division of a cell of the colony into numerous 
daughter-cells. After fusing with a spermatozoid within the cavity of the colony, 
the egg-cell is transformed into the thick- walled, resting oospore, on the germina- 
tion of which the reduction in number of chromosomes takes place. Since the 
cells which are not transformed into reproductive cells die and break down, Volvox 
provides the first example of the regular occurrence of a dead body or ** corpse." 
Oogamy is also met with in Eudorina^ while Pandorina is isogamous. Since, in 
the latter, only gametes from different colonies fuse, the morphologically similar 
colonies show a certain physiological sexual difference. 

The A^olvocales form a series ending with Volvox^ and do not lead to any higher 
orders of the Algae. 

Order 2. Protococcales 

The cells of the Protococcales are distinguished from those of the Volvocales by 
having no cilia in the vegetative condition, so that they are nou-motile (Fig. 338). 
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They have a chloroplast and usually a single nucleus. Reproduction is by means 
of zoospores, in place of which, however, in many genera non-ciliated aplanosporos 
are found (Fig. 834). Sexual reproduction is by the fusion of ciliated isogametes, 
or less commonly heterogametes ; oogamy does not occur. Sexuality has only been 
demonstrated in certain genera and appears not to have arisen in the simpler forms. 

The Protococcales occur mainly in fresh water ; some Fleur ococcus) form, 

along with other Algae, a regular constituent of the green growth on the bark of 



Fio. 332. — Foivoa: glohator. Portion of a colony with egg-cells (o), and groups of H])ern)atozoi(ls 
(sp) ( X 165). li, Bundle ot spermatozoids derived by the division of a coll ( x 530). C, Sperina- 
tozoids (x580). Of Egg-cell surrounded by spermatozoids iii the mucilaginous membrane, 
(x265. After F. Cohn.) E. Vuloox avrew, Sphere enclosing young daughter individuals, 
(After Klein.) 

trees and on walls {^^). Others occur as symbionts in Lichens and even in the 
protoplasm of lower animals {Chlorella vulgarisy in Infusoria, Hydra^ etc.). 

As in the Volvocales there is an ascending series from unicellular forms to 
colonies of cells. Chlorococeum (Fig. 333) and Chlorella (Fig. 334) (^h ^2^ are 
examples of the former. Scenedesmus, which is widely spread in fresh water, 
forms simple colonies of usually four cells united in a row (Fig. 335). Each of the 
cells divides in the direction of its length to form four non>ciliated cells with cell- 
walls ; these on becoming free from the wall of the parent-cell constitute a new 
colony. 

More complicated cell-colonies are met with in Pedia^irum (Fig. 336), in the 
form of a free-floating plate. The formation of asexual swarm-spores is effected 
by the division of the contents of a cell into a number (in the case of the species 
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illustrated, 1\ granulatum^ into 16) of naked swarm -si)orea, each with two cilia. 
On escaping through the ruptured cell- wall (Fig, 336 ?>), these are enclosed in a 

mucilaginous envelope. After moving about vigorously within this envelope, they 



Fio. ZBS.—-ChlorocncGiim (Chlorosphasra) Hmicola. /, 
Vegetative cell and ctdl divided into 8 zoospores ; 
5, free zoosjKires ; zoospores afU^r they have 
formed cell -walls. (AfL«?r BKYERtNCK, from 
Oltmanns* Algae.) 



Fig. 884. — ChlorcUa vulgaris. 1, Cell ; 3, 

division into eiglit aplanospores. (After 
Grintzespo.) 


eventually collect together and form a new colony. Vcdiasirum has also a method 
of sexual reproduction by isogametes. 

The life-history of the Water-net {IJyd?’odictyon utriculatum) is essentially 
similar. It is one of the most beautiful of the free-floating, fresh-water Algae, 


the hollow colonies being formed of 
elongated, cylindrical, multinucleated cells 
united together to form a many-nieshed 
net, which may be , 20 cm. in length. In 
the old cells of the net a large number 
of zoospores are formed, which are not 



Pio. 335.— A, Sceneilesmus acutus. Ji, llm same, 
undergoing division. 0, Scenedesmtis aiudattis. 
(x 1000. After Sbnn.) 



<..3 


0 ^ 

Fig. SZ(\.—Pediastrum granulatum. A, An old 
cell-family : a, colls containing spores ; b, 
spores in process of extrusion (the other 
cells have already discharged their swarm- 
spores). B, Cell-family sliortly after ex- 
• trusion of the spores. C, Cell-family 4i hours 
later. ( x 800. After Al. Braun.) 


set free, but arrange themselves within the parent-cell to form a new net, losing 
their cilia and becoming enclosed by cell-walls. The daughter-net is set free by 
the dissolution of the wall of the parent-cell. 

The Protocoocales like the Volvocales can be derived from the Flagellate. In 
contrast to the latter group the non-motUe, non-ciliated condition of the cells has 
become prevalent as it has throughout the higher Algae. In some genera of the 
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Protococcales even the spores do not develop cilia, although, as a rule, the repro- 
ductive cells of the Algae tend to retain the Flagellate character. The loss of 
motility is accompanied by a more complex external form of the cells. 

Order 3. Ulotrichales 

The Ulotrichales exhibit, as compared with the unicellular green Algae, an 
advance in the external segmentation of the thallus. It is always multicellular, 
and, in most of the genera, consists of simple or branched filaments. The 
filaments are either attached by a colourless basal cell to the substratum 
(Fig. 338 A) or float free. The thallus of the marine genus l/lva {Ulva lactucaf 
SEA lettuce) has the form of a large, leaf-like cell surface, and is two layers 
of cells thick (Fig. 78, young jdaiit). In Enteromorpha (Fig. 337) the thallus is 
ribbon-shaped, either cylindrical 
or flattened ; when young it is 
two-layered, but later it becomes 
hollow, the wall thus consisting 
of one layer of cells. 

The majority of the Ulotri- 
chales live in fresh or salt water ; 
a few aerial forms (Chroolepideae) 
grow on stones, trunks of trees, 
and, in the tropics, on leaves. 

To this family belongs Trmic- 
poklia (or Chroolepus) JoliUnis, 
often found growing on stones 
in mountainous regions. The 
cell - filaments of this species 
appear red on account of the 
haematochromc they contain, and 
possess a violet-like odour. 

The cells have always only 
one nucleus and also a single 
chloroplast. The asexual rej)ro- 
duction is accomplished by the 
formation of ciliated swarm- a coinmon m 

spores. Sexual reproduction is 

effected either by tlie fusion of planogametes, or the sexual cells arc differentiated 
as nou-motile egg-cells and motile spermatozoids. 

^^ Utothrix zonata (F ig. 338 A)^ the typical representative of the group, is one 
of the commonest filamentous Algae. The filaments of Ulothrix exhibit no 
pronounced apical growth ; they are unbranched, attached by a rhizoid-cell, and 
consist of rows of short cells ; each cell contains a band-shaped chloroplast arranged 
like an open ring round the middle of the cell. The asexual reproduction is effected 
by means of swarm-spore s, which have four cilia (CjT^'^TafeTdfm^H^^ or by 
division in a cell of the Mament (sporangium). The swarm-sjiores escape through 
a lateral opening {B) formed by absorption of the cell-wall, and, after swarming, 
give rise to new filaments. The sexual swarm-cells, or isogametes, are formed in 
a similar manner by the division of the cells, but in much greater numbers. 
They are also smaller, and have only two cilia (Z>, E)* In other respects they 
resemble the swarm-spores, and possess a red eye-spot and one chromatophore. 
By their coxyugatiun in pairs, zygotes {F-U) are produced, which, after drawing 
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in their cilia, round themselves oif and become invested with a cell-wall. After 
a shorter or longer period of rest the zygotes are converted into unicellular germ 
plants (t/), and give rise to several aplanospores (AT), which in turn grow out into 
new filaments. Under some conditions the gametes can give rise to new plants 



Flo. BBS.—-Ul4hric zonata. A, Young lilament with 
rhi/oid-cell r(x 300); Ji, poitum of li lament with 
esc'apiiig awarm.»iK)res , C, mngle swann-siiore ; D, 
formation and escape of gametes ; A, gametes ; F, G, 
conjugation of two gametes ; ff, /ygote ; J, zygote 
after penod of rest ; K, zygote altei division into 
swarm-spores. (iJ-Jf x 482. Aftei Dodel.) 


parthenogenctically without con- 
jugating. U/va and Enteromorpha 
are also isogamoiis (^“), the former 
being dioecious. 

JThe genus Oedogomum (^) with 
imbranched hlaments may be cited 
as an example of the oogamoiis 
Ulotricliales. The asexual swarm- 
spores^f Oedogomum are unusually 
large, and have a circlet of cilia 
ai ound their colourless, anterior 
extremity (Fig. 339 li). In thi.s 
case the swaim-spoies are formed 
singly, fiom the whole contents of 
any cell of the filament (^), and 
escape by the luptiiro of the cell- 
wall. Aftei becoming attached by 
the colourless end they germinate, 
giving lise to a ne^^ filament. 
For the pm pose of sexual lepro- 
diiction, on the other hand, special 
cells become swollen and ditteren- 
tiated into barrel-shajied oogonia, 
A single largo egg-cell with a 
colourless receptive spot is foinied 
in each oogonium ]>y the contraction 
of its protoplasm, >\liile the wall 
of the oogonium becomes perforated 
by an opening at a point opposite 
the receptive spot of the egg. At 
the same time, other, generally 
shorter, cells of the same or an- 
other filament become converted 
into antheridia. Each antheridium 
usually gives rise to two sperma- 
tozoids. The spermatozoids are 
smaller than the asexual swarm- 


spores, but have a similar circlet of cilia. They penetrate the opening in tha 
oogonium and one fuses with the egg-cell, which then becomes transformed into 
a large firm -walled oospore. On the germination of the oospdfe Its contents 
become divided into four swarm-spores, each of which gives rise to a new filament. 

In some species of Oedogonium the process of sexual reproduction is more 
complicated. Spermatozoid-like swarm-spores (androspores) emerge from the 
antheridia. They are not, however, capable of effecting fertilisation themselves, 
but become attached to female filaments and develop into small plants consisting 
of few cells, the so-called ** dwarf-males.’* The actual spermatozoids are produced 
from the upper oellfe of these (Fig. 389 (7, i>). 

The genus Cokochaete X£ig* 340) exhibits the highest development of the sexual 
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reproductive organs among the Green Algae. The long colourless neck of the flask- 
shaped oogonium opens at the tip to allow of the entrance of the spermatozoid. 
The spherical oospore increases in size and becomes surrounded by a single layer 
of pseudo-parenchymatous tissue derived from filaments that spring from the 
stalk-cell of the oogonium and neighbouring cells. In this way a fruit-like body 
is formed (Fig. 340, 4). On germination the oospore undergoes a reduction- 
division and divides into 16-32 wedge-shaped cells, then breaks up and liberates 
a swarm-spore from each cell. The spherical, biciliate spermatozoids are formed 
singly in small, terminal antheridia (Fig. 340, 1). The asexual reproduction 
is by biciliate zoospores formed singly in cells of the thallus. 


Order 4. Siphonocladiales 

Th(i algae of this order are filamentous and usually branched ; they are dis- 
tinguished from the Ulotrichales by their large iiniltinuclcatc. cells (Figs. 7, 9), 





Fio. 339. — A, Ji, Oedogonium : A, escaping swarm-spores; /f, free swarm -spore. 6’, D, Oedogonium 
eiliatum : C, before fei tilisatioii ; D, in process of fertilisation ; o, oogonia ; a, dwarf-males ; 
.S, spermatozoid. (x 350. After Pringsiieim.) 

the chloroplasts of which are either solitary, large, and reticulately-formed 
(Fig. 9), or appear as numerous small discs. It may be assumed that the 
Siphonocladiales are derived from Algae resembling Ulothrix by enlargement of 
the cells of the filament, increase in number of the nuclei, and alteration of the 
chromatophore. 

The genus Cladophora (Fig. 341), numerous species of which occur in the sea 
and in fresh water, is one of the most important representatives of the order. 
CL glomerata (Fig. 81) is one of the commonest algae in streams, often attaining 
the length of a foot. It is attached by rhizoid-like cells, and consists of branched 
filaments with tyjacal apical growth, which some other representatives of the order 
do not show. The structure of tl|^ cells is represented in Figs. 7, 9, and 17. 
Branching takes place from the upper ends of the cells by the formation of a pro- 
trusion which is cut off as the first cell of the branch. Asexual reproduction 
is by means of biciliate zoospores (Fig. 341), or, in marine species, tetraciliate 
zoospores, which arise in numbers from the upper cells of the filaments, and escape 
from these sporangia by a lateral opening in the wall. The aexual reproduction is 
isdgamous. 

2d 
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Only in the genus Sphaeroplea has the sexual reproduction bocomo oogarnous. 
S. annuUna consists of simple filaments and occurs in fresh water. 

Many forms occur in the sea {e.g. Siphmocl cuius) ^ and some have a highly 
complicated thallus, which is always, however, formed of branched filaments ; by 
calcareous incrustation some forms come to resemble coral. Jcetahularia mediter- 
raiiea (Fig. 342) will serve as an example of such calcareous Algae. The thin stalk 
of the thallus is attached by means of rhizoids, w'hile the umbrella-like disc 
consists of closely united tubular outgrowths, each of which is to be regarded 
as a gametangium. 

Order 6. Siphonales 

The Siphoneae arc mainly marine, though some occur in fresh water. They 
are distinguished from the preceding groups of Algae by the structure of their 



Fm. 840.— Oo?eoc/iaefe pulvimta, 1, Aiitheridium (a) and young oogoniin (o). Oogonium shortly 
before opening. S, Fertilised oogonium ; efc, nucleus of the ovum ; sk, male nucleus. 
4, Oospore enclosed to form the ** fructification.” 5, Germinating oospore. (After Oltmanns.) 

thallus, which, although more or less profusely branched, is not at first divided 
by transverse septa. The cell-wall thus encloses a continuous protoplasmic body 
in which numerous nuclei and small green chloroplasts are embedded. Only the 
reproductive organs are divided off by septa. ^ The Siphonales may be derived from 
the Siphonocladiales by assuming that the capacity of forming transverse walls in 
s^e representatives of the latter was lost in the phylogeny. 

I^^Vaucheria occurs commonly in fresh water or on damp soil. The thallus con- 
sists of a single branched filamentous cell attached to the substratum by mean! 
of cdlourless rhizoids (Fig. 344.) The thallus in most other Siphoneae is, on the 


DIV. I 


THALLOPHYTA 


403 


other hand) a specialised branch-system. The genus Bryopsis has a delicate, 
pinnately- branched thallus (»’). In CauUrpa proUfera (Fig. 343), which occurs 
in the Mediterranean, the lobes of the thallus (assimilators) are leaf-like and are 
frequently proliferous. They spring from a colourless, creeping main axis, which 
has continued apical growth and sends colourless rhizoids into the soil (^). In 
other s])ocies they are pinnately lobed or branched. The whole thallus, encloses 
but one cell -cavity, which is, however, often traversed by a network of ciuss- 
supports or trabeculae. Starch-forming leucoplasts are 
present in the colourless parts of the thallus. 

Some species of Vauchcria become incrusted with 
lime and may lead to the formation of calcareous tufa. 
Some other genera {c.g. Halimeda^ which occurs in 
the warmer seas) are regularly calcified. 


Fi<}. 342,— Aertahularia medit-erranea. 

(Nat. size. After Oltmanks.) 

Besides an asexual reproduction by means of zoospores the Siphonales have 
sexual reproduction. Thi.s is either heterogamous {c.g. Bryopsis) or oogamous. 
Isoganiy does not occur. 

The asexual swarm-spores of Faucheria, which differ from those of the other 
Siphonales, are developed in special .sjwrangia, cut off from the swollen extremities 
of branches by means of transverse walls (Fig. 344). The whole contents of such 
a sporangium become converted into a single green swarm-spore. The wall 
of the sporangium then ruptures at the apex, and the swarm-siwre, rotating 
on its longitudinal axis, forces its way through the opening. The swarm -spore 
is so large as to be visible to the naked eye, and contains numerous nuclei 
embedded in a peripheral layer of colourless protoplasm. It is entirely surrounded 
by cilia, which protrude in pairs, one pair opposite each nucleus. Morphologically 
the swarm-spores of Faucheria correspond to the total mass of individual zoospores 
of an ordinary sporangium. 

The sexual reproduction of Faucheria is not effected, like that of the other 
Siphoneae, by the conjugation of motile gametes, from which, however, as the 




B 


Fig. 341.— a, Cladoj^hora. Gen- 
eral habit (reduced). B,Cladft- 
phura glomeroda. Swarm-.spore, 
(xOOO. After Strasburgeb.) 
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earlier form of reproduction, it may be considered to have been derived. The 
oogonia and antheridia first appear as small protuberances, which grow out into 
short lateral branches, and become separated by means of septa from the rest of 
the thallus (Fig. 345 o, a). At first, the rudiment of an oogonium contains numerous 
nuclei, of which all but one, the nucleus of the future egg-cell, retreat again 
into the main filament before the formation of the septum. In its mature 
condition the oogonium has on one side a beak-like projection containing only 
colourless protoplasm. The oogonium opens at this i)lace, the oosphere rounding 
itself off. The antheridia, which are also multinucleate, are more or less coiled (a). 





and open at the ti^ to set free 
their mucilaginoi1| contents, 
from which th*I numerous 
swarming spermatozoids be- 
come free. The spermatozoids 
are very small, and q^ve a 
single nucleus and two cilia 
inserted on one side. They 
collect around the receptiv^» 
s])ot of the egg-cell, into which ^ 
one spermatozoid finall|i» ^ne- 
trates. After the egg-cell has 
been fertilised by the fusion 
of its nucleus with that of the 
si>ermatozoid, it becomes in- 
vested with a wall and con- 
verted into a resting oospore. 
On germination the oospore 
grows into a filamentous 
thallus. 


f'/V'* ' ' T The Chlorophyceae 

^ appear to be a natural 

Fia. d4d.^CauUrpa )>rnlijera. The shaded lines on the lobes gt’OUp of plants that Can 
of tlie thallus indicate the currents of protoplasmic move- be directly connected 
inent. a, (Jrowing apex of the thallus axis ; ft, b, young -vyith the Flai^ellates 
thallus lobes ; r, rhizoids. (i nat. size.) ® 

They either resemble, 
the latter throughout their whole developmental cycle, or they at 
least recall their Flagellate ancestry by the form of their naked, motile, 
reproductive cells. This is brought out especially clearly by the fact 
that the zoospores of some Chlorophyceae can shed their cilia and be- 
come amoeboid ; they then creep about by means of pseudopodia, apd 
can feed like animals on various minute organisms. There are several 
ascending series within the Chlorophyceae which exhibit progressions 
from simple to more highly differentiated forms. This is particularly 
clear in the Volvocales where, starting from unicellular forms, multi- 
cellular colonies with equivalent, unconnected cells, that can all serve 
for vegetative liy^^and for reproduction, lead on* to multicellular in- 
dividuals with pronounced division of labour between their cells. As 
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regards the sexual reproduction, progressive differentiation can also be 
followed. The lowest stage is that of isogamy, in which the con- 
jugating gametes may even proceed from the same parent-cell. This 
leads by way of heterogamy to the simpler cases of oogamy ; in the 
higher types of oogamy the egg is not liberated but is fertilised in the 



Fm. B4i.-~Vauch<'ria sessilis. A, Ton ng sporangium. Ji, Zoospore with the sporangium from 
which it has escaped. 6’, A portion of the peripheral zone of a zoospore. Z>, A young plant 
with rhizoids developed from a zoospore. (A, B after G5tz ; D after Sachs ; from Oltmanns* 
Algae. C after Strasburoer.) 

oogonium. The case of ColeocJuiete is especially noteworthy, for in it 
fertilisation acts as a stimulus on the cells of the branch bearing the 
oogonium, so that a primitive type of “ fruit-formation ” results. 

The reduction-division takes place very generally on the germination of the 
zygote, so that the plant throughout its whole development is haploid. 

The Green Algae are without doubt a very ancient group of lower plants. 
Only the marine Siphonooladiales, in which the thallus is rendered more resistant 
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Fio. S^C).~VawheHa sessiUs. Portion of a iilainont 
with an oogonium, o ; antheridinm, a ; ch, chro- 
matophorns ; n, oell nuclei ; ol, oil globiilo.s. 
(X 240. After Stk AS BUROEK.) 


by calcification, can be followed back with certainty to the Silurian. TJicso 

calcareous algae played an especially 
important }»art in Triassic times and 
were present in great variety. 

The following characters may be 
used to distinguish the Orders : 
Volvocales. Unicellular or multicellu- 
lar, always motile even in the 
vegetative condition. 

Protococca! es. Unicellular or multi- 
cellular, nou-motile in the vege- 
tative condition, no cell-filaments. 
Ulofrinh^/es. Cell- filaments or more 
highly organised thalli, cells uni- 
nucleate. 

SiphonoclaiUalrs. Cell-filaments or more highly organised thalli, cells multinucleate. 
SiphoiiaUs, Cells tubular, without trans- 
verse sepia, multinucleate. 

Class VI 
Conjugatae 

The Conjugatae are pure green 
algae with uninucleate cells, but, 
in contrast to the Chlorophyceae, 
have neither zoospores nor ciliated 
gametes (Acontae), In their sexual 
reproduction there is a conjugation 
of two similar non-motile gametes 
to form a zygote ; the gamete in 
almost all cases is derived from the 
whole protoplast of a vegetative 
cell. After a prolonged resting 
period the zygote undergoes reduc- 
tion-division and germinates; thus Fm, a, Cylindrocystu IireM8(ynii\ the 

the Conjugatae, like the Chloro- nucleus is in tlm centre 

** ® , . large lobed chloroplasts with elongated 

phyceae, are haploid organisms. pyrenoUls. a, I’he zygote before, and 0, 

The Conjugatae are a varied after the fusion of the nuclei, n, The 

arnim nf frftsh watpr alffae Thev gennination. with four 

group 01 iresn-water aigae. xney dsughter-eeiis. (After kauffmann.) 

are either unicellular (Desmidiacae) 

or have the form of unattached, untouched filaments (Zygnemaceae). 



The DeBmidiaceae ^), which occur especially on peat-moors where the water 
has an acid reaction are among the most beautiful of algae and exhibit a 
great variety in form. 

' Their cells may be cylindrical (Cylindrocystis^ Fig. 346), or semilunar {Clos- 
Urium^ Fig. 348) ; they are often constricted in the middle and biscuit-shaped 
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{Cosmariiwi, Fig. 317 7>'), or stellate {AiicrasUrias. Fig. 347 />). Chains of cells 
occur— in addition to the ty[)es with solitary cells. 

In most cases the wall is composed of two halves, the bevelled edges of which 
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FuJ. 347.— i4, (kmiaritm cAieJutum, dividitig. B, C, 
Cosmarium botrytis. C'l, Two cells at right angles 
preparing for conjugation— the lower cell shows 
the conjugation canal ; C 2 , gametes fused into the 
young zygote ; Cg, mature zygote ; D, Mknisterias 
mix melUensitt. (After Ralfb; Cy, Cj{ after db 
Bauy.) 


r ir». 348.— uiwtemw.. A, Zygote before 
germination showing the two nuclei 
not yet united; B, germinating 
zygote with the nuclei united ; C, 
division into two cells each contain- 
ing one larger and one smaller 
nucleus; D, ftirther state of ger- 
mination ; A’, young plants escaping 
from the cell-membrane ; F, Clm» 
teriuvi monili/erum, matui'e plant. 
(A’£ after Klebahn.) 


overlap at the middle line of the cell. It is only in a few genera, (which are 
grouped in a special Family, the Mesotaeniaceae) that the wall is not thus con- 
structed of two halves. The wall consists of an inner layer of cellulose and an 
outer thin “ cuticular ” layer. It is frequently provided with spiny or warty 
projections, and is usually perforated by pores. Within each of the two sym- 
metrical halves of the cell there |s a green chloroplast with one or several 
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pyrenoids ; the nucleus occupies a middle position (Fig. 3i6A). The chloroplasts 
exhibit considerable variety in form, r.g, they are lobed in CylitidroeystiSy while in 
Closttrium the shape is that of a cone with longitudinal ridges, so that the cross- 
section is stellate. 

Some Desmidiaceae exhibit phototactic movements ; these are effected by the 
agency of mucilaginous threads emerging from the pores in the cell-wall. 

Multiplication is effected by cell-division. This is accomplished by the forma- 
tion of a partition wall across the middle of the cell, after the nuclear division is 
completed. Each daughter-cell eventually attains the size and form of the mother- 
cell, by the outgrowth of a new half on the side towards the plane of division 
(Fig. 847 A). 

In conjugation two cells approach each other, and surround themselves with a 
mucilaginous envelope. Their cell-walls rupture at the constriction, the protoplasts 



Fio. Bi9.—Ay Conjugation of Spirogyra quinina (x 240). 7^, Spirogyra 1ongata{x 150) ; ar, zygospore. 

C, Cell oi Spirogyra jugalis ; fc, nucleus ; ch, chroinatophorea ; p, ]>yreiioid (x 25ft). 

pass into the conjugation canal, which soon becomes mucilaginous, and then 
unite to form a zygospore. The zygospores frequently present a very characteristic 
appearance, as their walls are often beset with spines (Fig. 347 The four empty 
cell-halves may be seen close to the spore. 

The two sexual nuclei in the zygote do not fuse until germination of the latter 
is about to commence (Figs. 346 C; 848 A, B), The resulting nucleus then 
undergoes division, with reduction, into four nuclei. In Cylindrocystis four uni- 
nucleate young individual cells result. In most Desmidiaceae, however, only two 
cells are formed from the zygote, each of which has thus two nuclei of different 
sizes ; the smaller nuclei degenerate and disappear (Fig. 348). In Hyalothecat 
the cells of which are united in chains, three of the four nuclei degenerate, so that 
only a single young cell results. 
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The Zygnemaceae, (^) with unbranched filaments, include the well-known genus 
Spirogy7'a, the numerous species of which occur in still water as free-floating tangled 
masses, especially in the spring. The filaments grow in length by the transverse 
division and elongation of all the cells. The transverse septum, which is composed 
of cellulose, usually becomes split, as in the Desmidiaceae ; the cells are then held 
together only by the delicate “cuticular” layer that forms a sheath to the whole 
filament. Thus the filaments readily break up into j)ortions, or into the single 
cells, which can then continue to grow and divide. The cell-wall is smooth and 
without pores. Each cell has a single nucleus and one or several chloroplasts with 
pyrenoids (Fig. 349 C ) ; the chloroplasts have the form of spiral bands lying against 
the inside of the wall. In the genus Zyg^hema. each cell has two stellate chloro- 
plasts ; in Mesocarpm there is an axile jdate-shaped chloro])last. The filaments 
have a certain power of movement, the cause of 
which is uncertain. 

When conjugation is about to take place two 
sexually different filaments become j)arallel and 
closely appressed. Along the line of contact 
papillae projtjct from the cells, so that the 
filaments undergo a secondary se})aration and 
have a ladder-like appearance (Fig. 349 A). 

When the tips of the papillae are in contact 
they become mucilaginous, so that a continuous 
conjugation-canal results. Through this the 
protoplast of the male cell passes as the male 
gamete into the corresponding female cell and 
tlie two protoplasts fuse ; the resulting zygospore 
rounds itself off, becomes thick-wulled, and is 
densely filled with fat and reddish-brown 
spheres of mucilage. The chloroplasts of the 
male cell break down. On the germination 
of the zygote the fusion nucleus undergoes Fig. SbO.Sjnrogyra longata : zygotes of 




reduction-division with the j)rod notion of four 
haploid nuclei ; one of these becomes the 
nucleus of the first cell of the young plant, 
while the three others degenerate (Fig. 350). 
Thus only one young plant is produced from 
the zygote, and by its elongation and cell- 
division gives rise to a filament. 


various age. J , The two sexual imelei 
before fusion ; ii, after fusioti ; C, 
division of tlie iiueleus of the zygote 
into four haploid nuclei ; D, the 
three small nuclei degenei'ating. The 
chloi'oplasts are represented as in 
optical section. (After Tuondle.) 


If, as is commonly the case, the filaments are of different sex, the zygotes all 


lie in the cells of the female filament. There are also species in which the filaments 


are of mixed sex, and in these the zygotes may be formed in both of the conjugating 


filaments ; further, the presence of two filaments is not necessary, for the gametes 


can pass between cells of different sex in the same filament by means of a lateral 
conjugation canal (Fig. 349 li). There are also genera in which the zygote is 


situated midway in the conjugation tube {Mesocarpus). 


The Conjugatae are a distinctly limited group of Green Algae, 
characterised by their cell -structure and method of reproduction. 
The phylogenetic connections of this group are by no means clear, 
Connecting forms between them and the Flagellates, or more probably 
the lower Chlorophyceae, have become extinct (2^). 
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Class VII 

Chapaeeae (Stoneworts) 


The Characeae or Charophyta grow in ponds and ditches and 
sometimes form veritable meadows a foot in height. They are char- 



Fi«. SGI. — Charafragilis. End 
of a main sboot. (Nat. size.) 


acterised by tlieir thallus being constructed of 
elongated internodes separated by the nodes, 
by the whorlcd branching (Fig. 351), and by 
the typo of their sexual organs. The oogonia 
have spirally-wound investing filaments, and 
the filamentous antheridia are contained within 
hollow spherical structures (Fig. 353). 


Tlje short shoots which arise in a whorl at each node 
are in their turn composed of nodes and in tern odea ; 
tliey may be simple or bear at the nodes short branches 
of the second order. 

From the axil of one of the short shoots of cacli 
whorl a lateral axis resembling the main axis is produced. 
The attachment to the substratum is effected by means 
of colourless branched rliizoids springing from the nodes 
at the base of the axes. The rliizoids show a similar 


segmentation into 
long internodal cells 
and nodal cells that 
are laterally dis- 
placed. Branching 
takes place at the 
nodes. 

Both the main 
and lateral axes grow 
in length by means 
of an apical cell (Fig, 
352), from which 
segments are success- 
ively cut off by the 
formation of trans- 
verse walls. Each of 



Fkj. H 52 .~Chara /ragilis. Longitudinal 
section of the apex ; Sf apical cell ; 
J, interno^les ; X, nodes. (After 
Haciis, x383.) 


these segments is again divided by a transverse w^all into two cells, from 
the lower of which a long internodal cell develops without further division ; 
while the upper, by continued division, gives rise to a disc of nodal cells, the lateral 
axes, and also, in the lower portion of the main axis, to the rliizoids. In the genus 
NiUUa the long intemodes remain naked, but in the genus C?iara they become 
enveloped by a cortical layer consisting of longitudinal rows of cells which develop 
at the nodes from the basal cells of the lateral axes. 

Each cell contains one normal nucleus derived from a karyokinetio division* 
As a result of the fragmentation of its original nucleus, however, each internodal 
cell is provided with a number of nuclei which lie embedded in an inner and 
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actively-moving layer of parietal ]>rotoplasrn. Nunierons round gheicn chlouo- 
PLAftJ's are found in the internodal cells. 

Asexual UErKoniTOTioN by means of swarm-spores or other spores is wanting 
in the Characeao. Sexital iiepiioduction, on the other hand, is provided for, by 
the production of egg-cells and sperniatozoids. The 
KEMALE oiiGANs or oogouia are ovate. They are 
visible to the naked eye, and, like the spherical 
red-coloiirod male organs, are inserted on the nodes 
of the lateral axes. With the exception of a few 



P'lG. 3r»3.— -/I, Chara fragilis. Latonil axis with th<^ anthericlial 
structuro (a) aiul tiie oogonium (s) with its enveloping 
lilnments and eonma (r). 71, Nitella flejsilis. Munubriuni 

with heatl-cells and Hpennutogeiious ({laments. C’, CJwra 
fnigilis. Spermatozoid. 7.’, nueleus ; ol, cilia ; c, cytoplasm 
(x640). ]), NitclLa ,flexilis. Longitudinal section through 
a young anthoridial structure ; k, head cells ; m, manubrium; 
w, wall-cells. (A, 71, D, after 8achs from Oltmanns. C, 
after Strashurokr.) 




dioecious species, the Characeae are monoecious. The fertilised cgg-cell develops 
into an oospore. 

The MALE ORGANS (Fig. 353) are developed from a mother-cell that first becomes 
divided into eight cells. Each octant by two tangential wails gives rise to three 
cells. Ill this way are derived the eight external tabular cells of the wall, the 
cavities of which are incompletely partitioned by septa extending in from the cell- 
wall ; the eight middle-cells form the xnanubria and become elongated ; the eight 
innermost cells assume a spherical form as the primary head cells. Owing to the 
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rapid surface growth of the eight shield-cells a cavity is formed within the male 
organ into which the manubria. bearing the head-cells project. The latter form 
3-6 secondary head-cells, and from each of these arise 3-5 long unbranched 
spermatogeiious filaments (Fig. 353 B). These are composed of disc-shaped cells 
from each of which a spirally -wound spermatozoid with two cilia is liberated 
(Fig. 353 (7). (The sPEHMAToaENuus filaments or antheridia may be compared 
morphologically to the plurilocular gametangia of the Brown Algae. These may 
consist of simple rows of cells and be grouped together in sori.) 

The FEMALE ORGAN (Fig. 353 $) consists of an oogonium wliich contains a 

single egg-cell with numerous oil -drops and starch grains. To begin with, the 
oogonium projects freely, but later becomes surrounded by five spirally- wound 
cells. These colls end in the corona, between the cells of which the spermatozoids 
make their way in fertilisation. 

The egg, after fertilisation, now converted into an oospore, becomes invested 
with a thick colourless wall. The inner walls of tlie tubes become thickened 
and encrusted with a deposit of calcium carbonate, while the external walls of 
the tubes, soon after the fruit has been shed, become disintegrated. 

In the germination of the oospore the nucleus divides into four, the first division 
being heterotypic. Thus the diploid stage is limited to the oospore, tlie Characeous 
plant itself being haj)loid. While three nuclei remain in the ventral portion of 
the zygote and there degenerate, the fourth nucleus enlarges and passes into the 
projecting germ- plant. 

The formation of tuber-like bodies (bulbils, starch-stars) on the lower part of 
the axes is characteristic of some species of the Characeae. These tubers, which 
are densely filled with starch and serve as hibernating organs of vegetative 
reproduction, are either modified nodes with much -shortened branch whorls {e.g, in 
Tolypcllopsis stelligera^ where they are star-shaped), or correspond to modified 
rhizoids the siihcrical white bulbils of Chara aspera). 

Fossil Characeae in the form of zygotes are known with certainty from the 
Jurassic. It is possible that certain Silurian fossils should also be placed here. 

The Characeae form a phylogenetically isolated group of highly 
developed green Thallophytes. The peculiar construction of the 
thallus and of their sexual organs prevents any direct derivation of 
them from oogamous Green Algae. 


Class VIII 

Phaeophyeeae (Brown Algae) (^» 

The Phaeophyeeae (^) are Algae of a characteristic brown colour. 
The chlorophyll (much a and little b) in their chromatophores is 
masked by the presence of carotin, xanthophyll, and especially by 
"fuooxanthin, a brown pigment allied to xanthophyll 

So far as is known, starch is never formed as the product of assimilation but 
instead the polysaccharide, laminarin, which also serves as a reserve material ; 
there are further mannite and oil, and, as a bye-product, a tannin-like substance 
FUcosAN. Cellulose and pectio substances have been demonstrated in the cell-walls. 
The cells are uninucleate. 
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The motile stages (zoospores and gametes) without exception have 
two cilia inserted laterally on the pear- or spindle-shaped cell, in such 
a way that one cilium is directed forwards and the other backwards 
during movement (Fig. 354). In the neighbourhood of the cilia is a 
reddish-brown eye-spot and in the broader hinder end of the swarm- 
spore one, or less commonly several, brown chromatophores are situated. 

With the exception of a few species that occur in fresh water the 
Phaeophyceae are marine algae and attain 
their highest development in the colder 
seas. The thallus exhibits a remarkable 
variety in form. 

Order 1. Phaeosporales (^) 

In this order are included the majority of the 
Brown Algae. One of the most widely distributed 
species is Eotocarp^is silicidoKm^ the highly branched 
thallus of which, in its tufted form and delicate 
filaments, recalls the habit of the Green Alga, 

("lado'plwm (cf. Fig. 341). Ectocarfm is asexually 
reproduced by means of zoosi’OiiEs, which are 
formed in large numbers in uniloculah sporangia 
(Fig. 354) and germinate soon alter they emerge. 

In sexual reproduction, multicellular gametangia 
are produced (plurilocular in contrast to the 
unilocular sporangia) ; from each of the small cells 
a single motile gamete develops (Fig. 365). These, 
though morphologically alike, exhibit in typical 
cases a sexual differentiation in their behaviour. 

The FEMALE GAMETE becomes attached to a 
substratum, and numerous male gametes gather 
around it (Fig. 356, 1). Ultimately a male gamete 
fuses with the female to form a zygote (Fig. 356, 

2-9). This contains after the fusion a single nucleus but two chromatophores, 
and soon becomes attached and surrounded by a cell-wall ; it grows into a 
new plant without undergoing a resting stage. 

The sexual character of the gametes is not always well marked ; on the one 
hand, they may develop parthenogenetically, and, on the other hand, fusion between 
gametes of the same sex may occur. Thus female gametes with ill-marked female 
tendencies can behave as male gametes towards well-marked female cells and 
conjugate with them (relative sexuality. Hartmann) (**). 

In other Phaeophyceae the distinction between the two kinds of gametes is 
sharper and is expressed in their shape and size. The Cutleriaceae afford a par- 
ticularly good example, for the female gametangia are larger than the male (Fig. 
357), and the plants are dioecious, « 

The REDUCTION-DIVISION occurs in the formation of the zoospores in the unilocular 
zoosporangia. The plants which bore these were diploid, while the zoospores give 
rise to haploid plants. These bear gametes, on the conjugation of which the diploid 
stage in again produced. There is thus a regular alternation of generations 
between an asexually reproducing generation or sporophyte and a gametophyte, 
which reproduces sexually. The two generations are further distinguished by 



Fkj. 854. — a, Plmrodailia lacustris. 
Unilocular Rporaiigium with its 
contents divided np into the 
zoospores ; n, eye - spot ; chr, 
chroniatophore. (After Ki.e- 
BAiiN.) yi. Chorda jilum. Zoo- 
spores. (After Reink E.) (From 
Oltmann.s’ Algae.) 
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their chromosome-numbers, the sporophyte being dij>loid and the gametophyto 
haploid. In some genera [PylaicMa^ Zanardinia\ the two generations are extern- 



Fjo. 855.-—^, Kctocarpus dlicMlosvs. Qamet- 
angium liberating its contents. (After 
Thubet.) C, D, Sphacelaria virrhosa^ de- 
velopment of the gametangium. (After 
Beinke.) (From Oltmanns’ Algae.) 



Pio. $56. — Erfomrpm HUndosus. t, Female 
gamete suiTOiinde'd by a mirnber of male 
gametes ; seen from the side. '^-5, Stages in 
the fusion of gametes. 6', Zygote after 24 
hours. 7-0, Fusion of the iniclei in conjuga- 
tion, as seen in lixed and stained material. 
(i-5 after Herthold ; 6-0 after Oltmanns.) 



Fuj. 357.— /4, Tw'o male gametangla ; i?, female 
gametangium of CutUria mvltiJidcL. (x 400. 
After Re INK E.) 


ally alike. In Cutleria (Fig. 365), on the other hand, they are dissimilar, the 
gametophyte being an erect dichotomous plant with fimbriate ends to its branches, 
while tlie sporophyte has the form of a flat, lobed, prostrate disc (Aglaozonia). The 
alternation of generations in the Phaeophyceae is not always strictly maintained 
and complications occur. 
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Order 2. Dictyotales (^). 

The Dictyotales are more highly developed than the Plmeosporales in two 
respects ; their vegetative body is pf more complex structure and their sexual 
reproduction is typically oogamous. 

IHcUjoia duhotomn, which is widely distributed on the Eurot)eaii coast, has a 
ribbon -shaped, dichotomously branched thallus (Fig. 80). The sporophyte and 
gametophyte, which form jjarts of a regular alteiination of generations, are 
exactly alike in form and structure. The asexual generation which develops from the 
diploid zygote forms shortly stalked, spherical, unilocular tetrasporangia on the 



Fig. ’ibS.—Dictyota dichotomi. Transverse sections of the thallus. 
With tetrasporauKia ; with a group of oogonia ; S, with a group of 
nutheridia (after Thuket). 4, Spermatozoids (after Wh.liamb). (From 
Oltmanns’ Alg(U’..) 

surface of the thallus (Fig. 358, 1). Within these, following 
a reduction-division, four naked spores (tetraspores) are 
developed ; in contrast to the other Hrown Algae these are 
without cilia and non-motilc. They are transported passively by the water 
and germinate to form haploid plants, which are either male or female. 
On the male plants groups (sori) of plurilocular anthekidia (Fig, 358, 3) are 
developed; from each of the cells of these a pear-shaped spermatozoid with a 
single lateral ly-placed cilium (Fig. 358, 4) is produced. Groups of oooonia {Fig. 
358, 2) are borne on the female plants ; the oogonia are unicellular and each produces 
a single, large, non-motile egg-cell. After fertilisation this develops into a sporo- 
phyte without undergoing any period of rest. 

Order 3. Laminariales 

In the alternation of generations of the oogamous Laminariales the sexual 
generation is very small, while the sporophyte is large and in many genera attains 
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a great size (Fig. 359). From the haploid zoospores, minute filamentous male and 
female gametoimiytks develop (Fig. 360). The former are abundantly branched, 
while the latter consist of few cells and in extreme cases may be reduced to a 
single cell. The male gametophytes bear the antheridia at the tips of the branches. 
Each antheridium gives rise to one biciliate sperniatozoid. Any cell of the female 
gametophyte may form an oogonium, from an opening at the summit of which 
the naked egg-cell emerges. This remains in front of the opening, and after 
fertilisation, proceeds to grow’ into the diploid sporopiiytk. This bears club-shaped 

or cjdindrical s])orangia forming an extensive 
superficial layer. Each surface cell of the 
thallus is prolonged as a club-shaped sterile 
cell or paraph y sis, beside which the sporangia 
arise as shorter cells. The reduction-division 
takes place in the sporangia, and numerous 
biciliate zoospores are ])roduced. 

The sporophytes in tlie Laminarialcs are 
frequently of large size and exhibit a high 
degree of morphological and anatomical 
differentiation. Thus Macrocystis pyrifera (*’) 
(Fig. 361) attains a length of 70 metres in the 
Antarctic ; the thallus grows iirmly attached 
to the sea-bottom at a depth of 2-25 metres. 
The axis bears along one side long pendulous 
thalloid lobes, at the base of each of which is a 
large air-bladder, by means of which the plant 
is kej)t floating along the surface of the sea 
(Fig. 361). Other noteworthy forms are the 
Antarctic species of Lesstmia, in which the 
main axis is as thick as a man's thigh ; from 
it are given off lateral branches wdth pendulous 
leaf-like segments. The plant attains a height 
of .several metres, and has a tree-like habit of 
growth. The species of Lmninaria in the 
North Sea (Fig. 359) are several metres in 
length. Some of them bear, on the end of a 
perennial stalk of the thickness of the thumb, 
a simple or palmately divided leaf-like ex- 
pansion of the thallus. This is renewed 
annually, since, towards the end of the winter, 
an intercalary zone at the base of the blade 
gives rise to a new expanded region; the old blade is pushed up by this and 
gradually i)erishes 

Order 4. Fucales (^’^) 

Asexual reproduction is wanting in this order, while sexual reproduction is 
distinctly oogamous. 

The species of Fucus have ribbon-shaped, dichotomously branched thalli 
which may be over a metre in length. The thallus is firm and leathery and 
attached to the rock by a discoid holdfast (Fig. 362). Fucus covers extended 
areas of the littoral region of the coasts of Northern Europe. Fuem serratus 
has the thallus toothed, while F, vesiculosus has air-bladders in the thallus. 
The highest differentiation is attained by the thallus of Sargassum (•*^) ; this 



Fig. a.'iJ ). — Laminaria Clonstoni, North 
Sea. Sporophyte as it occurs in 
April. (Reduce<l to J|.) 
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shows a distinction of cylindrical axes and lateral branches, which, according to 
their functions, are developed as foliage, bracteal or fertile branches, or as air- 
bladders. Sargassmn grows on the coasts of the West Indies and tropical 
America, but is carried in large quantity in the detached condition by currents to 
the region of the Atlantic Ocean called the Sargasso Sea, where it leads a pelagic 
existence. 

The oogonia and antheridia of Fucus are formed in special flask-shaped 
depressions termed conceptacles, which are crowded together below the surface 
in the swollen tips of the dichotomously-branchcd thallus (cf. F. serratuSj Fig. 
362). The conceptacles of F. platycarpus (Fig. 363) contain both oogonia and 
antheridia, while F. vesiculosus and F, serratus on the contrary are dioecious. 



Fig. --Laminaria digitata. A, Male gametophyto ; a, empty autheridia. B, C, D, Female 
gametopliytes (iJ is large, C small, while D is reduced to a single oogonium); og, oogonium ; 
o, egg-cell. E, Young sporophyte, .still seated on the empty oogonium. (A x dUO; li x 2S)2 ; 
C X 322 ; D X 625 ; ^ X 822. After II. Kyljn.) 

From the inner wall of 'the conceptacles spring numerous unbranched sterile 
hairs or paraphyses, some of which protrude in tufts from the mouth of the con- 
ceptacle (Fig. 363 p), TJie antheridia are oval in sliape, and are formed in 
clusters on special short and mucli -branched filaments (Figs. 363 a, 364, 1). The 
contents of each aiitheridium separate into sixty-four spermatozoids, which are dis- 
charged in a mass, still enclosed within the inner layer of the ai/;heridial wall (Fig. 
864, 2). Eventually set free from this outer covering, the spermatozoids appear as 
somewhat elongated ovate bodies, having two lateral cilia of unequal length and 
a red eye-spot. The oooonia (Figs. 363 o ; 364, 3) are nearly spherical, and are 
borne on short stalks consisting of a single cell. They are of a yellowish-brown 
colour, and enclose eight spherical egg-cells, which are formed by the division 
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of the oogonium mother-cell. The eggs are enclosed within a thin membrane 
when ejected from the oogonium. This membranous envelope deliquesces at 
one end and, turning partly inside out, sets free the eggs (Fig. 364, 4, 5). The 
spermatozoids then gather round the eggs in such numbers that by the energy of 
their movements they often set them in rotation (Fig. 361, 6). After an egg has 
been fertilised by the entrance of one of the spermatozoids it becomes invested 
with a cell-wall, attaches itself to the substratum, and gives rise by division to 
a new plant. 

In the case of other Fucaceae, which produce four, two, or even only one egg in 
their oogonia, the nucleus of each oogoniiim, according to Oltmanns, nevertheless 
first divides into eight daughter-nuclei ; of these, however, only the proper 
number give rise to egg.s capable of undergoing fertilisation. The other eggs, 



incapable of fertilisation, degenerate. In this 
division the reduction in number of the chromo- 
somes takes place ; the plant of Faciis is dijdoid. 

The Brown Algae thus constitute an 
extraordinarily varied group (Figs. 80, 335, 
359, 361, 362). It exhibits a range in habit 
from minute plants consisting of branched 
filaments of cells, to plants with their 
Fro. $fi\,^Mar.rocystu pyrifera, Ag. cells forming a massive tissue, exhibiting 

external differentiation that suggests 
comparison with leaves, stem, and roots, 
and attaining a height of many decimetres, or even that of a small 
tree. 


They are always attached, often by means of special discoid holdfasts or 
bmnehed root-like organs of attachment. The larger forms grow on rocks, Avhile 
some of the smaller forms are epiphytic. 

The anatomical structure corresponds to the highly differentiated external 
form. The thallus often grows by moans of a large apical cell (Fig. 86, 87). There 
is usually a distinction between external assimilating tissues and internal storage 
cells (Fig. 358). In some cases (Laminariales and Fucales) there are tubular 
structures, which are constructed like the sieve-tubes of the Comophytes and servo 
similarly for the conduction of albuminous substances. 

The Pliaeophyceae constitute a parallel phylum to the Chloro- 
phyceae. 

They appear, like the latter, to have originated from the Flagellatae, and this 
is borne out by the resemblance of their swarm-spores to Flagellates. It is not 
possible, however, to establish a direct connection between them and the brown 
Flagellates, since intermediate forms are wanting ; even the lowest Pliaeophyceae 
are relatively advanced forms with sporangia and gametangia. There is also no 
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close relationship with the filamentous Clirysophyceae, partly because these can 
form swarm-spores from any cell, and also because the motile-cells difier in their 
construction. 



Fiq. 362.— serratus. To the left the end of an older branchibearing conceptacles. (| nat. size.) 

As in the Chlorophyceae, a passage from isogamy to oogamy can be followed in 
the Brown Algae. In the lower forms {Ectocarpm) the gametangia of the two 
sexes are alike and multicellular; in higher forms {Outleria) the female 
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gametes are larger than the male, while in Dictyota only a single egg is formed 
in the oogonium. In Dictyota the antheridia are still multicellular, but in 
Laminaria they also have become unicellular and only form a single spermatozoid. 
Plurilocular gametangia, antheridia, and oogonia are thus homologous struc* 
tures. 

In contrast to the Chlorophyceae the Phaeophyceae mostly have 
a regular alternation of generations, which is, however, rather ill- 
defined in the primitive Phaeosporales, and only appears with com- 
plete distinctness in the higher groups. The construction of the 
sporophyte and gametophyte may be the same {Pylaiella^ Dictyota)^ or 
the generations may differ markedly in habit (Cutleria^ Laminaria). 
Either the gametophyte (Cutleria) or the sporophyte (Laminaria) may 
be the more strongly developed generation (Fig. 36e5). The sporo- 



Fio. 363. — Fucub plcUycarjms. Monoecious conCeptacle with oogonia of different ages (o), and 
clusters of antheridia (a) ; p, paraphyses. ( x circa 25. After Thcrbt.) 


phyte is always diploid, and the gametophyte haploid, since the 
reduction-division takes place at the formation of the asexual 
spores. 

The Fucales occupy an isolated position, since no alternation of generations is 
evident in them. It has been seen, however, how in the Laminariales, the female 
gametophyte sometimes consists of only one cell and the contents of the zoospore 
after coming to rest thus become the egg*cell (Fig. 360, D). The behaviour pf 
Fucits may therefore be accounted for by supposing that the reduction of the 
gametophyte has gone a stage further and the asexual spore has itself become the 
egg -cell. The Fucales are thus the terminal member In a series exhibiting a 
progressive reduction of the gametophyte. 
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Fio. 364. - Fiicm. i, Group of anUieridia. Autlicridia sliowing u.scapinj; sponuatozoids. 

Oogonium, the coiiteiitH of which have divided into eight egg-cells. 4, Contents separated 
from stalk {at). 5, Liberation of the egg-cells. 6, Oosphere surrounded by spermatozoids. 
(After Thubet. From Oltmanns' AJgae). 

In addition to differences in habit, the following characters serve to distinguish 
the Orders : 

Phaemporales. Asexual reproduction by zoospores ; sexual reproduction 
by ciliated iso- or hetero-gametes. In some an alternation of 
generations. 
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DictyotaUs, Asexual reproduction by non-motile tetraspores ; sexual 
reproduction oogamous. Alternation of generations ; sporophyte and 
gametophyte alike. 

LamirmriaUs. Asexual reproduction by zoospores ; sexual reproduction 
oogamous. Alternation of generations ; gametophyte minute. 

Fucales, Reproduction only by oogamy. 



Fio. 866.— Dia^.{ramiimtic represeiitalioii of the alloriiation of generations and of pliases in Cuthria 
(left), Dictyota (centre), and Laminaria (right). gametophyte ; .S, spon)phyte ; x, haploid 
(thin lines) ; 2 x, diploid (thick lines). 

Economic Uaes.— The dried stalks of Laminaria digitala and L, Gloustoni were 
formerly used as dilating agents in surgery. Iodine is obtained from the ash 
j(varec, kelp) of various Laminariaccae and Fucaceae, and formerly soda was simi- 
larly obtained. Many Laminarias are rich in mannitr (e.^. Laminaria 8accharina\ 
and are used in its production, and also as an article of food by the Chinese and 
Japanese. 

Class IX 

Rhodophyeeae (Red Algae) (>- 

The Rhodophyeeae or Florideae are usually red or violet ; sometimes, 
however, they have a dark purple or reddish-brown colour. Their 
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chromatophores, which are flat, discoid, oval, or irregular-shaped bodies, 
contain a red pigment, phycoerythrin, and in some cases a blue pig- 
ment (phycocyan) in addition. 

True starch is never formed as a product of assimilation, its place being taken 
by other substances, very frequently, for example, by Floridean starch, in the form 
of spherical stratified grains which stain red with iodine ; this is more closely 
allied to glycogen than to starch. Oil-drops also occur. Practically all the 
Rhodophyceae are autotrophic, but a few species are without chromatophores and 



Fio. 3<i6, — Ckondrus crispu^. (J nat. size.) 

live as parasites on other Algae. An example is Uaroeyella mvrahilis (^), which 
occurs as small cushion-like growths on Ehodomtla stibfusca in the North Sea. 

With few exceptions £atrachospe77nu7n) the Rhodophyceae 
are marine. They are attached by special growths of filaments or by 
discoid holdfasts. The thallus of the Red Algae exhibits a great 
variety of forms. 

The simplest forms are represented by branched filaments consisting of single 
rows of cells {e.g, CallUhamnion), In many forms the thallus is flattened and 
ribbon-like (e.g. Ch<yndrus crispuSt Fig. 866 ; Oigartim maimllosat Fig. 867} ; while 
in other species it consists of expanded cell-surfaces, attached to a substratum. 
One of the more complicated forms is Deless&ria {Hyd/rolapaihum) aanguinea 
(Fig. 85), which occurs on the coasts of the Atlantic. The leaf- like thallus, which 
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springs from an attaching disc, is provided with mid-ribs and lateral ribs. In the 
autumn the wing-like expansions of the thallus are lost, but the main ribs persist 

and give rise to new leaf-like branches in 
the succeeding spring. The thalli of the 
Corallinaceae, which have the form of 
branch-systems or of flattened or tuber- 
culate incrustations, are especially charac- 
terised by their coral-like appearance, 


Fi«. B07.—Gigartina mamiUoKo. s, Wart-shaped 
cystocarps. (J nat size.) 
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Fio. 368. — Batrachosprnnu'm. monifi- 
forme. Branches bearing antheridia. 
At a free spermatium; at s, 
anotlier just escaping; at v, an 
empty antheridiuin. (x 640. After 
Strasburobr.) 


owing to the large amount of calcium carbonate deposited in their cell- 
walls. The calcareous Florideae are chiefly found on coasts exposed to a strong 
surf, especially in the tropics. 
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Flo. 869. — Sairae^totpermvm monUiforvu. A, Young carpogonium terminating a branch. B, 
Ripe carpogonium; t, trichogyne. C, Stage after fertilisation by the spermatium (s), the egg- 
cell (o> containing the two sexual nuclei. D, Sporogmious filaments (ff) and investing 
filaments (A). F, Some of the mature sporogenous filaments with the carpospores (A); these 
have emerged from ky and fcj. (A-B x 960, Rx720. After H. Kylin.) 

It is characteristic of all Bhodophyceae that t&sir BSPKODCcmrE 
OELLS, WHSTESR ASSXTTAL SPORES OR CtAUETBS, AHS MOM-MQHI<Z. 
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The sexual reproduction is oogamous, the female gametangium, which 
is termed a carpogonium, having a long, slender receptive organ, the 
TRICHOGYNE (Pig, 369). On fertilisation the zygote germinates at 
once in a characteristic fashion without leaving the carpogonium; it 
develops sporogenous filaments which produce the asexual spores. 

There is extraordinary variety in the details of the reproduction. 
Without attempting a description of the various orders some charac- 
teristic examples may be described. 

Balrachospermum moniliforme^ wliich occurs attached to stones in mountain 
streams, has a brownish or dark violet thallus enveloped in mucilage and consists 
of verticillatelylbranched filaments^Fig. 372). The anthkiudia (Fig. 368) are pro- 
duced, usually in pairs, at the ends of the ra<liating branches. Each antheridium 
consists of one cell, the protoplast of which produces a single spherical, colourless, 
naked, male gamete. Since it has no cilia it is not termed a spermatozoid but 
a SPERMATIUM. The female carpogonia are similarly placed at the ends of 
branches near the antheridia. They consist of an elongated cell witli a basal 
flask-shaped portion and a club-shaped upper continuation ; this upper region, 
which in most Rod Algae is elongated and slender, is termed the trichogyne. 
The nucleus of the egg is situated in the basal swollen region. The iion-motile 
spermatium is carried passively by the movement of the water to the trichogyne, 
to which it adheres j it then surrounds itself with a cell-wall, and its contents 
pass through an opening into the carpogonium. 

After the fusion of the male and female nuclei the basal portion of the carpo- 
gonium enclosing the fusion-nucleus becomes separated by a wall from the 
trichogyne. No oospore is formed, but from the sides of the basal portion of the 
carpogonium branched filaments of cells, the sporogenous filaments, grow out. 
At the same time, by the development of outgrowths from the cells below the 
carpogonium, the sporogenous filaments are enclosed, the whole structure being 
termed a oystooarp (Fig. 369 D), In the swollen ends of the B])orogenous 
filaments spherical spores (oarpospores), each wdth one nucleus and a chromato- 
phore, are produced. They are extruded from the cells as spherical, naked, non- 
motile structures. The carpospores are asexual spores; they grow into a pro- 
tonema-like structure, which may reproduce vegetatively by monospores, and upon 
this the shoots of the sexual Batracho$permum plant arise later. 

There is thus a regular alternation of generations between the gametophyte 
(Bairachoapermum plant) and a carposporophytb, consisting of the sporogenous 
filaments forming the carpospores. The sporophyte does not, however, constitute a 
distinct plant but remains attached to the gametophyte. 

These relations cannot be regarded as strictly homologous with the alternation 
of generations of the Brown Algae, since the reduction-division occurs in a 
different place. It takes place not at the formation of the carpospores but on the 
first division of the fertilised nucleus of the egg. The carposporophyte is 
therefore, like the gametophyte, haploid and the diplophase is restricted to the 
zygote (Fig. 372). 

The relations that have been described for B<Urouih(>sper7riMm hold also for the 
marine alga Nemalioit and some other genera. 

Dudreamya coccima, which is found on the warmer coasts of Europe, has a 
branched, cylindrical thallus and will serve as an example of the more complicated 
mode of origin of the spore-bearing generation (Fig. 370). The carpogonium 
which i» horiie on a short branch bears a very long trichogyne. After fertilisation 
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carpogonial cell grows out into filaments, which elongate and become branched ; 
these fuse with a number of special cells, characterised by their abundant 
contents, the auxiliary cells. The successive fusions with auxiliary 
cells do not involve nuclear fusions, but simply serve to nourish the 
sporogenous filament. Two outgrowths now arise from each of the 
swollen cells of the sporogenous filament which fused with auxiliary 
cells. By further division of these outgrowths the spherical masses of 
carpospores, which subsequently become free, are derived. 
y The life-history in some other genera {e.g. Polysiplionia^ Delcsseria^ 
^ Rhodomela^ etc.) is more complicated than in the examples so far 
considered. In them the carpospore does not give rise to a gameto- 
phyte but to a plant which, though it completely resembles the sexual 
plant in habit, does not bear sexual organs but reproduces by means 
of asexual spores ; these are always borne in a tetrasporangium 
containing four tetraspores. It is these tetraspores which on 
germination give rise to a gametophyte, so that in these cases three 
generations succeed one another in the life-history : gametophyte, 
carposporophyte, tetrasporophyte. The reduction- division does not 
occur in the division of the nucleus of the zygote but in the 
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Fio. 870.— Daclmna^a. Ay The fertilised carpogonlum with sperinaUa(s) attached to the trichogyne 
(0 has grown out to sporogenous filaments; branching of the filament and fusion with 
six auxiliary cells (aj-ue) ; the cells Oa-o^ are borne on branches originating from the axis Ao. 
By Ripe cluster of carpospores originating from one branch. {A after Oltmavns ; B after 
Boknbt. X about 2ft0.) 


tetrasporangium at the formation of the tetraspores. The two sporophyte genera- 
tiona are thus diploid (as in the Brown Algae), while the gametophyte is haploid 
(Fig. 872). 
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These examples do not give a complete idea of the variety in the reproductive 
processes in the Red Algae. 

The phylogenetic position of the Rhodophyceae is still quite 
obscure. The majority of systematists incline to a derivation from 
the Chlorophyceae by way of Coleochaete. 

Red Algae (Corallinacoae) arc known with certainty from the Cretaceous period ; 
from earlier formations, back to the Ordovician, impressions of non- calcified, 
Delesseria-\WQ forms are known. 

Economic Uses. — Gigartina mamillom (Fig. 365), with peg -like cystocarps 
2-5 mm. in length, and Chondrns crispus (Fig. 364), witli oval cystocarps about 
2 mm. long, sunk in the thnllus and tetraspores in grouj^s on the terminal segments 
of the thallus. Both forms occur in the North Sea as purplish-red or purplish- 
brown Algae ; when dried they have a 
light yellow colour, and furnish the oflidal 
CARRAGHEEN, ** Irish Moss,” used in the 
preparation of jelly. Agar-agar, which 
is used for a similar purpose, is obtained 
from various Florideae ; Sphaerococcns 
{Gracilaria) lichenoides supplies the Agar 
of Ceylon (also called Fucus amykccus), 

Mucheuma spinosiim^ the Agar of Java and 
Macassar, and species of Gelidiumy the 
Agar of Japan. 

Survey of the Algae 

The Algae are a group of organisms 
which connect on to the Flagellatae by ViG,Zl\.~(Mlithminioncorymhosv.m.AfC\oset<\ 
their simplest forms and have developed sporangium; n, empty simrangium with 
, . . four extruded tetraspores. (After Tiic ret.) 

polyphyletically in several mam senes to 

highly differentiated plants (Fig. 531). The case for the connection of the Green 
Algae with the Flagellates is clear ; only the Charalos are isolated from tlie rest 
of the group. In the Brown Algae, where unicellular forms aio wanting, the 
connection with the Flagellatae is somewhat less certain, and, on our present 
knowledge, the Red Algae still occupy an isolated position. 

The Red Algae and especially the Brown Algae attain a higher organisation of 
the thallus than do the Green Algae. They are further more highly organised in 
having a regular alternation of generations which is still lacking in the Green 
Algae. 

Only a relatively small number of simply organised algae lead a terrestrial life, 
though a number of littoral juariiio forms are exposed to the air at low tide. The 
remaining algae, including the majority of those that are most highly differentiated, 
arc completely submerged ; this is evidently connected with lae absence of special 
tissues for the conduction of water in the plant. They occur in fresh water and 
in the sea. While some kinds (c.g Ulva) can establish themselves in brackish 
water, most marine forms become dwarfed w'hen the water is less salt, and 
ultimately, as the freshness of the water increases, disappear. Thus in the 
western portion of the Baltic, iMminwria, still occurs in the form of dwarf plants 
while it is wanting altogether in the eastern portion. Fmus on the other hand 
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grows luxuriantly in the former region, and still occurs in the region where 
Lmninarm is unable to exist, but only in the form of dwarf plants which do not 
bear reproductive organs. 

A stratified arrangement is evident in the occurrence of the various groups of 
Algae when the water is of considerable depth. The Green Algae almost without 
exception occupy positions near the surface, they are succeeded by the Brown 
Algae, while the Red Algae inhabit the deepest zone down to 120 metres. This 
distribution agrees with the theory of Enoelmann that water absorbs the red rays 
more strongly than the green and blue rays. Thus in the deeper parts the prevailing 
light is that of short wave-length, which is complementary to the colour of the 
Red Algae and can bo utilised by them, but not by the Green Algae, in assimilation. 
At the same time the intensity of the illumination is weakened so that according 
to Oltmanns the algae of the deeper regions are shade-plants, which can assimilate 
in light of less intensity than that required by the forms growing near the surface. 
This explains why Red Algae occupy the more shaded positions in pools, clefts, etc. 
As in the case of every rule there are exceptions ; some Red Algae, especially the 
Corallinaceae of tropical seas but also some forms in our own seas, inhabit situations 
exposed to direct sunlight. 

Some of the lower Chlorophyceae can be artificially grown in pure culture 
and can even be cultivated on solid substrata. The cultivation of Brown and Red 
Algae is still a matter of great difficulty. Among the lower forms some can utilise 
organic food materials to a certain extent. 


Class X 

Myxomyeetes (Slime Fungi) (his, u, ir>) 

The Myxomyeetes, which have no chlorophyll, lead again to the 
consideration of primitive, phylogenetically ancient organisms. In the 
vegetative condition they con- 
sist of naked amoeboid masses 
of protoplasm, with animal 
nutrition ; from these, follow- 
ing on a sexual process, 
enclosed sporangia containing 
asexual spores are developed. 

The development of Myxomyeetes 
proceeds in the following way. The 
germination of the spores (Fig. 375, 

Chondrioderma) takes place in water 
or on a wet substratum. The 
protoplast, on escaping from the 
spore, develops a flagellum or 
oilium as an organ of motion, being 
converted into a swarm • spore 
which resembles certain Flagellata, with a cell-nucleus in its anterior or ciliated 
end, and a contractile vacuole in the posterior end of its body, but no chromato- 
phores. The nutrition is saprophytic. 



Fig. 873. —Ripe fructification^, after discharge of the 
spores. A, StemmitU fnsca (x 10); R, Arcyria 
punicea{x. 12); C, Crihraria ru/a {x 82). 
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In some species the swarm-spores can increase in number by fission. Eventually 
the cilittin is drawn in, and the swarm-spore becomes transformed into a myxamobba 
(Fig. 376); these have the capacity of multiplication by division (Fig. 376 B), 

In conditions unfavourable for their development they surround themselves with 




Fig. 874.— 7’ricft,ia varia. A, Closed and open sporangia (x 6); li, a fibre of tli(! capiliitium 
(x 240); C, spores (x 240). D, Leocarpus fragilis. Groups of sporangia upon a Moss. 
(Nat. size.) 


walls, and as microoysts pass into a state of rest, from which, under favourable 
conditions, they again emerge as swarm-spores. 

The uninucleate myxamoebae fuse C*) in pairs, their haploid nuclei 


UNITING (Fig. 376, C), The diploid amoebozvgotes, which have in this way 
arisen by a sexual process, do not become resting spores but continue to exist 



a b c d 


Fio. 876 . — Chondrioderma diffornie. a, Dry spore 
b, spore showing escaping contents ; c, swarm 
spore ; d, myxamoeba. Cf. Fig. 4. ( x 640 
After Btrasburgeb.) 


as naked protoplasts. They unite in 
numbers to form larger multinucleate 
PLASMODIA (Fig. 4), the nuclei of 
which increase in number by repeated 
mitotic division. 

The plasniodia can take up Bacteria 
and other solid nutritive particles and 
digest them in vacuoles (Fig. 376, I))» 
As a reserve material they form 
glycogen, not starch. They occur 
especially on the soil of woods, on fallen 
leaves and in decaying wood, where 
they creep about exhibiting continual 
change of form. They reach situations 


favourable to their nutrition by means 
of their chemotactic, hydrotactic and negatively phototactic movements. The 
plasmodia of some species {e,g, Fuligo variaTus^Aethalium septieum. Flowers of 
Tan) may reach a diameter of over 80 cm. If exposed to desiccation some 
plasmodia pass into a resting state and become converted into spherical or strand- 
like ROLEROTiA, from which a plasmodium is again produced on a return of moist 
conditions. 


The SPORANGIA are formed from the plasmodia. The 'plasmodium changes its 
irritability, creeping from the moist substratum and towards the light. It loses 
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a considerable amount of water and is transformed into numerous FKiTc riFiCATiONS. 
Each of tliese has a firm jjcripheral investment (peiiidium), which often con- 
tains lime, and numerous uninucleate spouks. The spores have firm cell-walls 
that do not however consist, as is common in the Fungi, of chitin. The division 
immediately preceding spore-formation is a reduction-division, so that the spores 
are liaploid. 

In many genera a cavillitidm is also present (Figs. 373 A, By 374 Ay B)y which 
arises from coagulating protoplasm between the spores and has tlic form of fine 
tubes or threads that are either free or reticulatcly connected. AVhen the fructifica- 
tion is ripe tlie peridium ruptures, the capillitium loosens out and expands, and 
the spores are distributed by means of its hygrosco2)ic movements and the wind. 
Tiio genus Ceratiomyj^a is in a 
sense simpler, since its fructi- 
iications have no jieridium but 
bear the spores on short pedicels 
projecting from the surface. 

The structure and nature of 
the sj)orangia afford the most 
convenient means of distinguish- 
ing the difierent genera. The 
usually brown or yellow spor- 
angia are spherical, oval, or 
cylindrical, stalked (Figs. 373, 

374 D)y or not stalked (Fig. 

374 A). They usually oi)en by 
the rupture of the upper portion 
of the sporangial walls, the 
lower portion pcrsistii^g as a 
cup (Figs. 373 B, 374 A). In 
Crihraria (Fig. 373 C) the upper 
part of the wall of the spor- 
angium, which contains no 
capillitium, becomes perforated 
in a sieve-like manner. In 
SUmoniiis (Fig. 373 A) the 
whole peridium falls to nieces, 
and the cani” -ached 



Fio. 3’ 


Phiisarum didermoides. A, B, Amoebae in 
process of division ; Cy conjiigation of two haploid 
amoebae; kk, the two uniting nuclei; J), binucleato 
Plasmodium with a haploid amoeba enclosed in a 
digestive vacuole; E, plasniodlum with six dividing 
nuclei (ki) and with digestive vacuoles. (After Jahn.) 

to a columella, which forms a continuation of 
ns numerous sporangia are united to form a single cake- 


the stalk, 
like bro\ 

The Myxoiuycetes are phylogenetically very primitive organisms, 
the swarm-spores and myxaraoebae of which show connections with 
colourless Flagellatae, or more probably with Rhizopoda. 


Classes XI and XII 
Fungi 

The Fungi are plants which have true nuclei but no chromato- 
PHORKS. In the simplest families their thallus is naked and sometimes 
amoeboid ; in all the more highly organised forms the cells are pro- 
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vided with a cell-wall which usually gives the reactions of chitin, but 
in some few cases of cellulose. The vegetative body may be unbranched 
or branched (Fig. 83), and may be unicellular or multicellular (septate). 
The individual filaments of a fungus are termed HY1»HAE, while collect- 
ively they are spoken of as the mycelium. 

Some mycelia can survive unfavourable periods by the transformation of single 
cells of their hyjdiae into thick - walled resting - cells (gemmae); or tuberous 
associations of hypliae, so-called sclkrotia, may be formed. 

Asexual reproduction is effected by means of various kinds of 
spores. In forms living in water these may be naked, ciliated swarm- 
spores ; in those inhabiting the land the spores have cell-walls and 
may be endogenous or exogenous in origin. Sexual reproduction 
takes place by the union of gametes (isogamy and oogamy), or of 
entire gametangia (gametangy) or of two cells of the thallus that are 
not differentiated as specific sexual cells (pseudogamy). 

Fungi are saprophytic or parasitic. The majority of the sapro- 
phytes can be artificially cultivated. Glycogen and fat are widely 
distributed as reserve materials. 

The Fungi are divided into two Classes. Phyeomycetes (Algal 
Fungi) and Eumyeetes (Higher Fungi). 

Class XI 

Phyeomycetes (Algal Fungi) C’ 

The thallus of the Phyeomycetes is microscopically small and uni- 
nucleate in the lowest members of the Class ; in the higher repre- 
sentatives it is well-developed, branched and multinucleate ; with few 
exceptions in some of the highest developed forms, it is always tubular 
and without cross-septa. The diploid phase is restricted to the 
zygote. 


Order 1. Archimycetee (®3) 

Olpidiuvi bi'assicact whicli lives as a parasite in tin ' of young 

Cabbage plants and causes their death, may be taken a .uple. It has 

uniciliate, oval swarm-spores which settle down on the host plant, surround them- 
selves with a cell-wall and then pass their contents into a cell of the host. The 
protoplast of the fungus is at first naked and amoeboid, but soon forms a wall and 
grows into a unicellular multinucleate sporangium, lying in the cell of the host- 
plant ; the zoosporangiuTTj forms a long projection which reaches the exterior, 
becomes mucilaginous at the tip, and gives egress to numerous uninucleate zoo- 
spores (Fig. 377). Unfavourable periods are tided over by thick -walled resting- 
cells which probably arise by a sexual process, as has been shown in the case of 
the related Olpidium mciae^ which is parasitic on Vic.ia unijuga. In this the 
swarm-spores from over-ripe sporangia fuse in pairs ; the biciliate naked zygote 
infects the host-plant in the same way as a zoospore, but forms a resting-cell 
instead of a sporangium. This, after fusion of the two sexual nuclei, germinates 
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in the following spring by forming a beak-like process from which numerous zoo- 
spores escape. The latter, according to the external conditions, beliave as asexual 
or sexual cells. The life history of Synckytrium endohiolicum, the cause of the 
wart disease of the Potato, is similar. It gives rise to warty growths on the 
tubers and shoots of the host ; these, which contain numerous restiiig-cells, later 
break down and decay. 


Plasmodiophora brassicae (^®), the cause of “Finger-and-Toes," probably belongs 
to the Archimycetes. This fungus has been usually placed in the Myxomycetes, but 
is distinguished from that group by the chitinous walls of its resting-cells. From 
each of these there develops a naked amoeboid protoplast ; these swarm-spores 
penetrate the basal regions of species of Brassica and live as parasites in the cells. 
The stem and roots of the host plant exhibit tuberous swellings. In some way 
not yet clearly explained (there is probably a sexual process concerned) the 

parasite forms numerous 
resting spores in the cells, 
and these are set free by 
the decay of the tissues of 
the host. 

Some members of the 
order live as spherical cells 



Pio. 877.—Olpidium Brassicm, Three zoosporangia, tlio 
contents of one of which have escaped (x 160). Zoo- 
spores (X 520). 0, Resting sporangia (X 520). (After 
WORONIN.) 



Kio. 378 , — Rhizophidium pollinis. 
Zoosporangiuni on a pollen- 
grain. (After ZoPF.) 


with a wall, on the outside of the host-plant ; an example is afforded by Rhizo- 
phidium polUnis (Fig. 378) which obtains its nourishment by means of haustoria 
from pollen-grains of Pinus that have fallen into water. Only in the highest 
members of the group (for instance, Polyphagm euglejuie^ which is parasitic on cells 
of Euglena)f is there a delicate branched mycelium which is unicellular and 
uninucleate. 


The Archimycetes are microscopically small, very simple, in part 
naked and amoeboid, less commonly filamentous fungi which live as 
parasites in the cells of other plants ; the smallest live in the nuclei 
of the cells of Amoeba, They reproduce asexually by means of uni- 
or bi-ciliate swarm-spores and, so far as our knowledge goes, the 
sexual reproduction is by ciliated gametes; the wiiole vegetative 
body of the fungus is employed in the formation of the reproductive 
organ. When cell-walls are present they are composed of chitin. 

It is very doubtful whether all the forms placed in this group are 
really related to one another. Probably they belong to a number of 
developmental series that are distinct in their phylogenetic origin. 
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Order 2. Ooxnycetes. 

Family 1.— Idonoblepharidaceae The species of Monoblej^harh, composed 

of branched non -septate, inultinncleate liyphae, live in water upon the decaying 
remains of plants. Asexual reproduction is effected by zoospobks, which are 
formed in large numbers in club-shaped sporangia. The ooooNiUM, which is 
usually terminal, is separated from the rest of the thallus by a transverse wall and 
contains a single uninucleate egg-cell (Fig. 379). Tlic antjieuidia, similarly 
delimited by cell- walls, liberate a number of uniciliate spermatozoids ; this is the 
only case in which spermatozoids are formed in the Fungi. A spermatozoid enters 
by an opening in the oogonial wall and fertilises the egg (Fig. 379) ; this now 
usually emerges from the oogonium and becomes a thick- walled spiny oospore. 

2. The Saprolegniaceae (“®), live sajiropliytically on the surface of decaying 
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Fio, 879t — Monoblepharis sphaeruu. a, End of a filament with an oogonium and, immediately 
beneath it, an antheridiuin from which the spermatozoids are escaping ; 6, a spermatozoid 
has entered the apical ojiening of the oogonium and is fusing with the egg-cell ; c, the 
fusion completed ; d, the fertilised egg escaping from the oogonium ; e, oospore sui rounded 
by a firm, spinose wall (from Knikp, after Woronin). 

plants and insects and even on living fishes. Asexual propagation is effected by 
club-shaped sporangia (Fig. 380) which produce numerous biciliate swAUM-sroiiES. 
In Saprokffniaf which is easily obtained by leaving dead flies in water, these 
swarm-spores with terminal cilia withdraw the latter and become surrounded with 
a spherical wall ; sliortly afterwards, the contents again escape as bean-shaped 
zoospores with the cilia inserted laterally. These come ultimately to rest and, 
surrounding themselves with a wall, develop into a mycelium. In other genera 
there is only one typo of swarm-spore. The sexual organs develop on older branches 
of the mycelium (Figs. 381, 382). The oogonia give rise to a larger or smaller 
number of egg-cells, rarely only to a single one. At first the oogonium contains 
numerous .nuclei, most of which, however, degenerate, while the oospheres become 
delimited around the remaining nuclei. The egg>oells are always uninucleate. 
The multinncleate akthebipia do not form separate male cells, but apply them- 
selves to the oogonia and send febtilisixg tubes to the egg-cells. One male 
nucleus enters the egg-cell and fuses with its nucleus (Figs. 881, 382). The 
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oosiwre after fertilisation acquires a thick wall. The reduotion-division takes 
place on the germination of the oospore. In some forms the oospores develop 
parthenogenetically without being fertilised (Fig. 381 op). In Saprolegnia the 
asexual male and fcimale organs occur on the same mycelium, their production 
being determined by changes in the nutritive conditions (cf. p. 309). Saprolegnia 
is thus monoecious ; dioecisrn also 
occurs in tlie family {Dictyiivkus 
monospoTua). 

3. The Family Peronospor- 
aceae {^) includes parasitic fungi 
which all live parasitically in 
higher land-plants. Thus Plas~ 
mopara viticola (Fig. 383) occurs 
as an intercellular fungus in 
tlie tissues of the leaves and 
fruits of the Vino, sending 



Fkj. 880. — Sayrol^iiia mixta. The 
biciliate zoospores, ^2^ are escaping 
from the sporangium. (After G. 
Klrbs.) 


Fuj. ZSl.— Saprolegnia mixta. Hyphae bearing the 
sexual organs : a, antheridium which has sent 
a fertilisation - tube into the oogonium; oi, 
egg-cell ; oospore enclosed in a coU-waU ; op, 
parthogenetic oospores; g, young oogonium. 
(After G. Klgbs.) 



haustoria (Fig. 84) into the living cells. Branches of the mycelium grow out 
through the stomata forming a mould-like growth visible to the naked eye, which 
consists of the branched sporangiophores (Fig. 883) ; these bear numerous zoo- 
sporangia. The sporangia are shed without opening and inay be carried by the 
wind to the leaves of other plants ; they there liberate tlieir contents, which have 
in the interval undergone division, as a number of biciliate swarm-spores. ’ These 
germinate to form hyphae which enter the leaf. 

The SEXUAL ORGANS are developed from the mycelium within the host plant. 
The oogonia form as swellings of the ends of hyphae, the antheridia as tubular otit- 
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growths (Fig. 384). Both organs are cut 



Fio. SB2,—AGhlya polyandra. Tho fertilisation 
of two egg-oftlls, 0 , of an oogonium by two 
tubes from tlie antheridium, a ; ek, nucleus 
of the egg-cell ; sk, male-nucleus ; in 02 
the section has not passed tlirough the egg- 
nucleus. (After Trow.) 

are fertilised by a corresponding numh 


off by cell- walls and contain numerous 
nuclei. All the nuclei except one in 
the oogonium collect at the periphery 
in the so-called periplasm ; the single 
nucleus is situated at the centre of 
the large egg or oosphere, which is not 
sharply separated from the periplasm. 
The antheridium sends a process which 
opens at its tip into the oogonium and 
a single male nucleus enters the 
oosphere. The oosj)here then becomes 
bounded by a W’all and, after a time, 
the sexual nuclei fuse. The periplasm 
is utilised in the formation of the 
outer layer of the wall of the oospore. 
The latter germinates with a reduction - 
division. 

In Albugo Bliti the oosphere con- 
tains numerous female nuclei which 
ir of male nuclei. The cytoplasm of 



Fxo. 388.— PJotmojMtra vitieola. A, Bporangiophore emerging from a stoma. To the left, oogoninm 
with antheridium and oospore. Jt, Haustoria. C, Liberation of zoospores from the zoosporangia. 
(From Oaumann after Millard bt.) 


the oosphere, including all the fusion-nuclei, forms a cell-wall, so that the result- 
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iog structure is externally like a normal oospore, but contains many diploid 
nuclei. 

In the Peronosporaceae a sharp differentiation of the gametes in the oogonium 
is thus lacking, as is the case for the male sexual cells in all the Oomycetes, with 
the exception of the Monoblepharideae. 

The organs of asexual reproduction show an interesting adaptation to tbii- 
EKSTKiAL LIFE, The most primitive members of the family {e.g. Pythium gracUe^ 
parasitic on VaucheTia) live permanently in water, and in them the zoospores escape 
from the zoosporangium without any separation of the latter from the hypha which 
bears it. On the other hand, in the forms parasitic on land-plants described above, 
the sporangia are shed. Since the escape of zoospores from these sporangia is 
dependent on moist weather a still higher adaptation is met with, for example, 


OS 
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Fi(». 384.— Fertilisation of the Peronosporeae. J, Peronoftpora parasitica. Young multinucleate 
oogonium (og) and antheridiuin (an). 3, Albugo Candida. Oogonium with tlie central uninucle- 
ate oosphere and the fertilising tube (o) of the antheridiuin which introduces the male nucleus. 
5, The same. Fertilised egg-cell (o) surrounded by the periplasm (j>). (x 06G. After Wager.) 

in Peronospora, Here the formation of zoospores is suppressed, and the whole 
sporangium germinates by sending out a germ-tube that can infect the host-plant. 
The sporangium has thus become a conidium. In Phytophthora infestamt it 
depends on the external conditions whether the sporangium germinates by 
producing swarm-spores or by a germ-tube. 

Many widespread diseases of plants are due to the Peronosporaceae. Phyto^ 
pMhora infestans causes the Late Blight of the Potato, a serious disease ; this can 
extend to the tubers, which become muromihed. In the middle of last century this 
disease, which was introduced from America about 1830, became so extensive in 
wet seasons as to threaten the cultivation of the Potato. Another serious disease is 
the False Mildew of the Vine caused by Plmmopara vUtcola, which was introduced 
from America in 1878. In moist weather this appears epidemic on the leaves, 
which are prematurely shed, and the berries are also attacked and dry up. Since 
some 200 oospores, which can resist the winter conditions, are produced between 
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the palisade cells of every square millimetre of surface of the leaves, it will be 
evident that the destruction of infected leaves in autumn is an important means of 
combating the disease. Recently a disease due to Prronospora has a])peared on the 
Hop, First observed in Germany in 1923, it caused in 1926 in Bavaria alone, 
damage to the extent of 30 million gold marks. All these diseases spread as 
epidemics in wet weather, which favours the germination of the sporangia or 
conidia. In a particular case it has been estimated that 3 million sporangia were 
produced from each square centimetre of the leaf. They can be treated with good 


results by spraying the leaves with 



Fig. . 385 . — Rhizojyiis nigricans. Portion of 
the mycelium with three sj>orangia ; that 
to the right is shedding its spores and 
shows the persistent hemispherical colu- 
mella. (x 88.) 


Bordeaux Mixture (a solution of coi)per 
sulphate and slaked lime), which hinders 
the germination of the sporangia. 

From what has been stated, it 
will 1)6 evident that theOomycetes 
are filamentous, non - septate, 
branched, multinucloate fungi, 
which live as parasites or sapro- 
phytes. Their cell - walls give 
the reactions of cellulose. Those 
that inhabit the water (Mono- 
blepharideae, Saprolegniaceae) re- 



Pkj. 386.— Afporodinia grandis. Median section 
of a ripe sporangium. The si>ores are 
multinucleatc. ( x 425. After Harper.) 


produce asexually by ciliated zoospores; this method is replaced 
in the land-forms (Peronosporeae) by the distribution of entire 
sporangia or conidia. The sexual reproduction is oogamous. In 
the lowest representatives [Monohlepharis) the egg-cells are fertilised 
by motile spermatozoids ; in all others the differentiation of male 
gametes is suppressed. Their function is taken over by male nuclei, 
which are carried from the antheridium to the oosphero by a fertilisa- 
tion-tube. Further, the eggs are not always completely differentiated. 
In place of them in extreme cases a large number of female nuclei are 
present in the central portion of the ooplasm. After these have 
been fertilised by a corresponding number of male nuclei, the whole 
structure is surrounded by a cell-wall to form a multinuclear zygote. 
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Order 3. Zygomycetes. 

1. Tlie Mucoraceae (''’^) is a Family of terrestrial rnould-fungi, which are for the 
most part saprophytic on vegetable or animal substances ; less commonly they live 
as parasites. 

One of the most widely distributed species is the richly branched, 

non-septate mycelium of which forma a white fur-like growth on dung, breadj,^ e ^ .„ 
J’rorn the nutritive hyphae in the substratum there arise vertical iy -growing 
branches, the sporangiophorea, each of which bears a spherical si'^iUNOiUM ; this 
is separated from the sporah”^ophore by a transverse wall which later Eulges into 
the sporaiigial cavity forming the so-called columella (Figs. 385, 387). The 
nmltinucloate protoplavsm of the sporangium becomes divided by repeated cleavages 
to form numerous multiiiucleatc spores, each of which is surrounded by a cell-wall. 
These escai)e by the swelling of a substance which lies between the spores and the 
consequent breaking up of the sporangial wall (Fig. 387). The spores may germinate 




Fki, 387.-“ Mucor Mucedo. A sporaiigiuni in optical longitudinal section ; c, columella ; w, wall 
of sporangium ; spores. S, Mitcor miicUaifinetis. A sporangium .shedding its spore.s; the 
wall (m) is ruptured, and the mucilaginous substance (e) between the .spores is greatly swollen. 
(7, X ; e , X 300, from v, Tavel, FUze, After Hkefei.d.) 

at once, or later, for they remain for a long time capable of germination, to form 
a new mycelium. There appears to be no limit to the continuance of this by 
asexual reproduction. 

Muf’or M ucedo i s, as was first discovered by Blakeslek, dioecious ; sexual ke- 
PRODUCTroN only takes place when two raycelia of different sex meet Since the 
sexual differentiation is entirely physiological and not in addition morphological, 
the two mycelia are distinguished as + and -- . These form club-shaped branches, 
the ends of which come in contact owing to cherao tropic influences, whereupon each 
cuts off a multinucleate gametangium by a transverse wall ; the gametangia are 
alike in form (Fig. 388, 1, 2). Gametes are not differentiated within these, but 
the -h and - gametangia fuse to produce a zygospore with wart - like thickenings 
of the wall (Fig. 388, 4). Within this, the nuclei of distinct "sexes are associated 
together and fuse in pairs* The reduction-division, with the determination of the 
sex of the nuclei, occurs in the germination, which takes plact- after a resting period. 

Ill the germination of the zygote of most Mucoraceae, a sporangium is usually 
at once formed (Fig. 388, 6). The spores of this primary sporangium are generally 
(unlike those of the ordinary sporangia) uninucleate, so that some of them are 4* 
and others - . 

The sexual processes in the other Mucoraceae are similar, , though there are 
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diOerences in details. Thus some species {e.g, Sporodinia grandia) have no sexual 
distinction but are monoecious ; in other forms {e,g. Ahsidia) the gametaiigia are 
of different sizes, so that they can be distinguished as male and female. 

The sporangia also are not always so typically constructed as in Mucor Mucedo, 
There are forms {e.g. Thamnidium elegans) in which, in addition to normal 



Fig. 888. — Mucor Mvcedo. Different stages in the 
formation and germination of the zygospore. 
J, Two conjugating branches in contact; S, 
septation of the gametangia (a) from the 
suspensors (h); S, more advanced stage, the 
gametangia (a) are still distinct from one 
another : the warty thickenings of their walls 
have commenced to form ; 4, ripe zygospore (b) 
between the suspensors (a); 5, germinating 
zygospore with a germ>tube bearing a sporan- 
gium. (1-4, X 225 ; 5, X circa 60, from v. Tavel 
PUzi, After Brepeld.) 


sporangia with many spores, 
there are others with a small 
number of spores, and even with 
only one, so that they become 
conidia. Some {e.g, Chaeto- 
cladium) have only conidia. 

The species of Filobolus have 
a peculiar method of spore- 
distribution. The whole spor- 
angium is forcibly shot to a 
distance, that may amount to 
2 metres, by means of the 
bursting of the highly turges- 



PiG. 88 *.^. — Empusa muscae. A, Hypha 
from the body of a fly. B, Young 
conidiophore arising from a liypha 
projecting from the body of the 
insect C, Formation of the coni- 
dium into which the numerous 
nuclei have passed from the coni- 
diophore. (x 450. After Olive.) 


cent sporangiophore. This ruptures just below the columella. 

The sporangiophores of the majority of the Muooracoae, especially those of 
Phyedmyces nUem^ are very sensitive phototropically. 

JShizoptia nigricans (Fig. S86) with a brown mycelium with a creeping, runner- 
like growth, contains in its celbsap substances that render it a fatal poison to 
animals (“). 

2. The best'known example of the Entomophthoraoeaa' is Empusa muscat 
(Fig. 889). Its multinuoleate conidia are homologous with the sporangia of the 
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Mucqraceae, The conidiuin gives rise to a germ-tubo which penetrates the body 
of a fly and there develops to a parasitic mycelium, which leads to the death of the 
insect. From the dead body of the fly, which is often attached to a pane of glass, 
innumerable conidiophores project and forcibly abstrict conidia, which appear as 
a white halo on the glass around the insect. While sexual reproduction appears 
to be wanting in Empma muscae^ it is found in other species of the genus and in 
other Entomophthoreae {EiitornopMhora, Conidioholus ) ; the conjugation of multi- 
nucleate gametangia resembles the process in the Mucoraceae. Only in Eiidogonc 
does fusion occur between a single iriale and a female nucleus. 

Tlio mycelium of the Entomophthoreae is to begin with unicellular, but sooner 
or later becomes multicellular by the formation of transverse walls. li\ Basidio- 
bolus the mycelium is septate from germination onwards ; B. ranarum occurs 
in the alimentary canal and on the excrement of frogs. 

The Zygomycetes are mostly saprophytic fungi with a much- 
branched mycelium. This is iion-septate and multinucleate in the 
Mucoraceae, but septate in the Basidiobolaceae ; the cell-walls are 
composed of chitin. The asexual reproduction is adapted to terres- 
trial conditions, though in a somewhat different way from that found 
in the Oomycetes. In the latter the whole sporangium was separated, 
and gave rise to zoospores at the place where it germinated. In the 
Zygomycetes it is the zoospores themselves that are transformed into 
resistant structures enclosed by cell-walls and capable of being trans- 
ported by the air. On the other hand, the progressive reduction of 
a sporangium to a conidium is met with in the Zygomycetes as well 
as in the Oomycetes. In the process of sexual reproduction gametes 
are never formed ; conjugation always takes place between entire 
multinucleate gametangia, which are usually alike, to form a multi- 
nucleate zygote. 


The phylogeny of the Phy corny cetes is still obscure. 

The name Algal Fungi is based on the resemblance in structure of the thallus 
and in the sexual organs which many Oomycetes show to certain Chlorophyceae 
(Siphonales) ; the Oomycetes have been regarded as Algae which have become 
colourless. The Archimycetes on this view would be reduced forms. It is 
possible, however, to regard the Archimycetes as related to the Myxomycetes and 
Flagallatae, and to derive the Phycomycetes from them with Bolyphugus as a 
connecting link. It is doubtful, however, whether this indicates a real relation- 
ship. 

It is very probable that the Phycomycetes are a heterogeneous and 
artificial group, which will in the future be broken up. On this view 
the Phycomycetes would be polyphyletic. 


Key to the Orders of Phycomycetes (with few exceptions Fungi with a non- 
septate mycelium) : 

Archimycetes : Parasites ; usually naked, rarely provided with a chitinous cell- 
wall ; rarely filamentous ; with zoospores and planogametes. 
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Oomyeetes: Mycelium, filamentous, branched, noii-se])tate with a cellulose wall; 
zoosj)orangia, or asexual reproductive organs derived Irom these ; oogamy ; 
mainly parasites. 

Zygomycetes : Filamentous, almost always iion-septate mycelium, with wall com- 
posed of chitin ; no zoospores ; sexual reproduction by the conjugation of 
multinucleate gametangia ; saprophytes or parasites. 


Class XII 

Eumyeetes. (Higher Fungi) (i’ 

The Eumyeetes are terrestrial fungi and, with the exception of 
certain reduced groups, have a richly branched mycelium composed of 

septate hyphae with chitinous walls. The 
ASEXUAL SPORES, according to the Sub- 
Class, are developed within asci or on 
basidia. The ASCUS is characteristic of all 
Ascomycetes ; it is a tubular sporangium, 
which gives rise endogenously, by free 
cell -formation, to a definite number of 
spores (usually eight) (Fig. 390). The 
more or less club-shaped basidium of 
liasidiomycetes abstricts exogenously a 
definite number of spores (usually four) 
(Fig. 412). Both in the ascus and the 
basidium there is a fusion of two nuclei, 
followed by a keduction-division before 
spore-formation. 

Asci and basidia are usually developed 
in special fructifications composed of inter- 
woven hyphae (plectenchyma, Fig. 36). 
They usually form a definite layer, the HY- 
MENiUM, in which they stand side by side. 
Fio. sm-Portion of the hymenium CoNiDiA, formed without any relation 

of Morchdla eseulenta. rt, Asci ; ^ j . • t • • *' 

P, paraphy«e« ; sh, subhymenial to a rcduction-division, occur as accessory 
tu»ue. ( X 240. After stiias- means of reproduction, especially in the 
BbBoiiB.) Ascomycetes. 

Sub-Class I. — Ascomycetes ('’ 

A. Frotoascomycetes 

As an example of a lowly organised Ascomycete, Eremascus fertiliSt which was 
found on opening a pot of jelly, may be taken. It belongs to the Order Endo- 
myoetales. Its mnltinucleate hyphae form uninucleate beak-like branches which 
fuse with one another by their summits (Fig. 391 1), the two sexual nuclei 
fusing (391 8). The region connecting the two sexual branches in which the 
fusion nucleus lies is now delimited by transverse walls and enlarges to form a 
spherical structure. The diploid fusion-nucleus divides, with reduction in the 
number of chromosomes, to give rise to eight haploid nuclei which become sur- 
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rounded by pi’oto})lasni and cell-walls and transformed into eight spores (Fig. 391 4). 
Thus, ill this case, an cight-sjiored ascus arises directly from the zygote. In 
related genera there is a fusion of nmltinucleate gametangia. 

In some s[)Geies of Enduiufjccs the mycelium readily breaks up into chains of 
coriidia, and this forms a connection with the family Saccharomycetes (’®), Yeast- 
fungi. Only a few species 
{Saccharomyces Ludwigii) 
are able, under special 
nutritive conditions, to 
still form true hyphae. 

The majority are uni- 
cellular, the spherical, 
oval, or cylindrical cells 
being uninucleate and 
multiplying by a process 
of liUDDiNQ (Fig. 392, 
cf. p. 2.5). Sexual ue- 
pnoDUCTiON has been ob- 
served in Schizomccharo- 
my CCS and some other 
genera ; two cells con- 
jugate and form an ascus 
which at first contains 
the diploid fusion-nucleus Fiq. 391. --EreTnascusferiilis. 1, 2, Conjugation ; 3, Delimitation of 
(Fig. 393). In this, as a the zygote by cell-walls, the nuclei having fused to give the 

result of nuclear division. diploid fusion-nucleus ; 4, Mature ascus with eight young 

. , , . 1 , spore.s, (After Guilliermond, from Kniep.) 

eight haploid s]>ore8 are * ' ’ ' 

developed and they be- 
come free by the rupture of the wall of the ascus. The spore germinates to 
form a vegetative cell which buds. In many Yeasts the ascus contains only four 
spores, which in most cases {Saccharorriyces cerevisiaef S. elHpsoideus) arise partheno- 

genetically, without previous con- 
j ugation, in the haploid cell. Spore- 
production may be wanting (asiJoro- 
gonous yeasts). 

The Yeasts are thus a 
family of fungi which shows 
great reduction both as regards 
the vegetative structure and 
the sexual reproduction. 

Yeast fungi occur on fruits, in mucilaginous exudations and similar situations 
in Nature, and give rise to alcoholic fermentation of sugary solutions (p. 271). 
The Wine-yeast {Saccharomyces ellipsouiem) passes the winter in the soil in the 
form of spores and then reaches the surface of the grapes and J’.eed not be added to 
the grape-juice. The Beer-yeast {Saccharomyces cerevisiae) is only known in the 
cultivated form. Both species occur in a number of distinct races, which are 
grown in pure cultures and employed in fermentations. Most yeasts are colourless 
hut some kinds have a red coloui^ 

It is jcharacteristic of all Protoascomycetes, as has been seen in 



PuJ. 392 . — Saccharomycea vsrevisku. A , Yeast-cell ; B, C, 
yeast -cell l)u<iding ; D, ascus with four spores. 
(X 1125. After Guilliermoni:).) 
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the examples described, that the ascus is formed directly from the 
zygote. Neither fructifications nor other complications appear on the 
simple mycelium. 


B. Euaseomycetes 

As a typical example of the method of reproduction ®^) of the 
Euaseomycetes, Pyronema confimns may in the first instance be de* 
scribed. This fungus occurs on the old sites of fires in woods, where 
it forms pink lens-shaped fructifications a few millimetres in diameter. 
In the development of a fructification the terminal cells of certain 
branched hyphae enlarge to form spherical multinucleate structures 
which are the female gametangia or ascogonia; each ascogonium 
bears at .its summit an elongated, curved, multinucleate papilla, 
termed the trichogyne. In the immediate neighbourhood of the 
ascogonia and from the same hyphae club-shaped multinucleate 
ANTHERIDIA are developed. The sexual organs thus arise in groups 



12 3 4 6 


Fio. S9Z^~-SohUosaccharomvce8 octosporua. 2, beginning of conjugation; 8, fusion 
of nuclei; 4, diploid nucleus in the ascus; 5, ascus with eight B^>ores. (After 
OuiLUSRHOKD, from Gacmank.) 

(Fig. 394 The tip of the trichogyne becomes applied to the 
antheridium, and an opening forms between them. The nuclei of the 
trichogyne degenerate, while the male nuclei pass by way of the 
trichogyne into the ascogonium ; the separating wall breaks down to 
allow of this and is again formed. There are now in the ascogonium 
numerous female and numerous male nuclei, and these become associ- 
ated in pairs but do not fuse (0). A number of outgrowths now arise 
from the ascogonium and form the ASOOGKNOUS hyphae into which the 
pairs of nuclei pass. The ascogenous hyphae grow and branch, and 
the pairs of nuclei increase in number by conjugate division, ie, 
simultaneous division of the male and female nuclei of the pair. 
Cell-walls form, giving rise to cells each of which contains two nuclei 
of unlike sex. An ascus is formed from each of the terminal cells of 
the branches in the following way. The tip of the cell curves back- 
wards to form a stalked hook (Fig. 32b J) and the pair of nuclei 
undergo conjugate division ; two nuclei of different sex remain near 
the summit, while one nucleus passes into the tip of the hook and 
and another into the stalk ( 5 ). The stalk and tip are cut off from the 
summit of the hook by cross-walls, giving a three-colled structure 
(Fig. 32b B) composed of two uninucleate and one binucleate cell. 
The latter is the young ascus, and in it at last nuclear fusion takes 
place, the cell enlarging as a uninucleate diploid ascus (C). There 



DIV. I 


THALLOPHYTA 


445 


are now formed by three successive divisions, in which reduction takes 
place, eight nuclei, and around these by free cell-formation (p. 25) the 
eight haploid ASOOSPORKS delimited by celbwalls arise (Pig. 395 D). 



Pig. 894.-'~Pyro»ieww. conjlnens. A, Very young apothecinm ; og, oogonia, will) trichogynes (<) ; a 
antlieridia ( X 450). JSf, Fusion of the antheridium with the tip of tlie trichogyne (x 300). C, 
The association in pairs of the male and female nuclei in the oogonium, which is cut trans- 
versely ( X 1000). D, Passage of the paired nuclei into the ascogenous hyphae ( x 1000), id, Young 
apotheoium. The ascogenous hyphae springing from the oogonia have branched and are invested 
by sterile hyphae (x 460). (/J after Harper. A, C, D, E after Clattssen.) 

In this process all the protoplasm is not used up, so that the spores lie em- 
bedded in the remaining periplasm in the ascus. 

Meanwhile the hook-cell has fused with the stalk-cell and passed 
its nucleus into the latter. This reconstitutes, a binucleate, cell from 
which another ascus can originate. In this way clusters of asci may 
arise at the end of an ascogenous branch. 
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Even at the j)eriod of the union of the sexual organs they are surrounded by a 
loose investment of haploid, investing hyphae (Fig. 394 i?). These increase as the 
ascogenous hyphae are growing (Fig. 394 U) and form the fnictitication. The 
sterile hyphae give off branches which, as the paraphysks (Fig. 360), form along 
with the asei a superficial layer called the hymbnium (Fig. 403 ). The ascospores, 
on the opening of the ascus at its tip, are actively ejected by the swelling of the 
periplasm ; they are then carried by currents of air and give rise to new plants (•‘^). 


The characteristic feature of this process is that nuclear-fusion 
does not at once follow the conjugation of the gametangia. The 
fusion of the protoplasm and the nuclear-fusion are here widely 
separated from one another, both in space and time, by the stage with 
conjugate nuclei. 


There are many deviations from the type of life-history just described (‘*“* ^■^), 
and these will be mentioned, where necessary, in the succeeding description of the 



Orders. In some Families sexuality is almost 
or completely lost, so that the asci are pro- 
duced without any preceding fertilisation. 
Some species {e.g. Fenidllium luteumy 
Ascoholus imgnijicus) are dioecious, the 
antheridia and ascogonia being produced on 
sexually difierent rnycelia. 

The form of the fructifications is 
of great importance in distinguishing 
the Orders of Ascomycetes. 

Order 1. Plectascales (®‘^* ®‘^) 

These have closed sniERiCAL fuucti- 


Fi(j. 895.— Development of the Ascus. 

Pyronema confluens. (After Harukr.) 
I), Young ascus of BmuluiTa with eight 
spores. (After Cl AU flSKN.) Explanation 
in text. 


FICATIONS. 

The best known representatives are two 
common moulds, Aspergillus herhariorum 
and Fenicillium crustaceum. They occur 
on the most various organic substrata such 


as bread, fruits, leather, cheese {Fenidllium lioqiicfortii occurs in Roquefort 


cheese). The white luycelium bears closely crowded short conidiophores with 
bluish-green conidia. In Aspergillus (Fig. 396) the end of the coiiidiophore is 
swollen and bears short sterigrnata ladiating on all sides from the spherical sur- 
face ; from these sterigrnata bead-like rows of conidia (c) are abstricted. The 
spores of Fenidllium are in similar rows but arise on branched conidiophores 


(Fig. 396). 

The SEXUAL ORGANS, w’hicli make their apj)earance later than the conidia, are 
more simply constructed than those of the example described in the intro- 
duction above.'- In Aspergillus the ascogonium is spirally twisted and without 


any trichogyne that is externally recognisable ; the finger-like antheridia grow in 
contact with it (Fig. 307 B). In some species of Fenidllium the two gametangia 


are of similar form and twist round one another spirally (Fig. 397 A). There are 


also forms (Monascus purpureus) in which the ascogonium has a trichogyne. 
The asci are usually spherical and lie irregulakly within a closed fructification 
(FERiTHKCiUM') which is Spherical and about the size of a pin-head. The w'all of 
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this (PKiiiDiUM) is formed of closely -associated hyphae, and the spores only become 
free when it has broken down. 

Klaphomijces carvinus has brown tniffle-like perithecia that may attain the 
size of a walnut ; it grows below the surface of the soil in pine woods. 

Order 2. Erysiphales (Mildew Fungi) 

Tlie Erysii>]iales are parasitic fungi ; their perithecia resemble those of the 
preceding order, but the asci, instead of being irregularly }>laced, stand singly 
or in a group within the fructification. 

The Mildew Fungi (Fani. Erysiphaceae) have a mycelium that grows like a 
s])ider’s web on the leaves of higher plants, sending haustoria into the epidermal 
cells of the host. They are spread during the summer by means of coniuia which 
are abstricted in a row from erect branches of the mycelium and carried by the 
wind (Fig. SOSA). The ANTiiKiirDiirM and ascogonium are always uninucleate; 




Fig. .lOe. — Conidiophores of Asjfergillus herlMrU 
ornm (left) arul reniciUmvi ariistaaeum (right). 




B 


Fio. 8U7.— A, Penidllium, cnista- 
oeuviy spirally twined gaine- 
tangia, B, Aspergillus Iverbari- 
oruvif cork -screw -like asco- 
gouiiiin with antheridia ap- 
plied to it (inag. after Knv and 
Dk Baky from Gaumann). 


there is no trichogyne. The ascogenous hyphae are often only slightly developed, 
and in some cases only a single ascus is produced. There are often only four 
or two ascospores in the ascus, instead of eight. The small dark pkrithecia, 
provided with peculiar, variously formed appendages, lie as closed spheres in 
the white mycelium on the leaves ; they are organs which tide the fungus over 
the winter (Fig. 398). 

The‘ mildew fungus of the Vine occurs on the leaves and berries of FUis in 
America, and has appeared in Europe as an injurious parasite of the Grape-Vine 
since 1845. This fungus, known as Oidiu7)i Tuckeri, is the conidial form of 
Uiicimila nccator^ the small perithecia of which have a}>pendage8 spirally rolled 
at their free ends and are only rarely met with. The fungus is treated by 
powdered sulphur. Other cultivated plants are injured by Mildew Fungi, e.g. 
the Oak by Microsphaera quercina and the Gooseberry by Sphderotheca mors uvae. 


Order 3. Fyrenomycetales 

The Pyrenomycetes comprise an exceedingly varied group of Fungi, some 
pf which are parasitic upon different portions of plants, and others are saprophytic 
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Upon decaying wood, dung, etc., while a few genera occur as parasites U])on the 
larvae of insects. The ft.ask-shapkd fructifications or perithecia are characteristic 
of this order. The perithecia are open at the top, and are covered inside, at the 
base, with a hymenial layer of asci and hair-like paraphyses (Fig. 399). The 
ascospores escape from the perithecia through the aperture. 

The simplest Pyrenomycetes possess free perithecia (Fig. 899) which are usually 

small and of a dark colour, and grow 
singly on the inconspicuous mycelium (e.g. 
Podospora). In other cases the perithecia 
are in groups embedded in a cushion- or 
club-shaped, sometimes branching, mass of 
compact mycelial hyphae having a pseudo- 
parenchymatous structure. Such a fructi- 
fication is known as a STROMA. In some 
the conidia are also produced in flask - 
shaped structures which are called pycnhha 
(Fig. 400). 



£ 



The club-shaped stromata of Xylaria 
hypoxylo7i, with perithecia below and a 
white covering of conidia on the simple 
or branched apical end, are commonly 
found on stumps of Beech. Nectria 
galligena is a very injurious parasite in the 
cortex of some trees and causes the Canker 



of fruit-trees ; its numerous, small, red 
perithecia are formed in winter and 
spring (*‘'‘*). 

Clamceps purpurea, the fungus of Ergot, 
is important on account of its official value. 
It is parasitic in the young ovaries of 
different members of the Gramineae, 
particularly of Rye. The ovaries are 
infected in early summer by the asco- 
spores. The mycelium soon begins to form 


Pm. 398. — Undnula necator. A, Conidial 
stage ; c, coiiidium ; h, conidiophore. B, 
Hypha which has fonned a disc of attach- 
ment (a) and has sent a haustorium (h) into 
an epidermal cell. C, Peritheciuin with 


conidia, which are abstricted in small clus- 
ters from short lateral conidiophores (Fig. 
401 A), At the same time a sweet fluid 
is extruded. This so-called honey-dew is 


appendages. (Prom Sobaueb, Lindau, eagerly sought by insects, and the conidia 


and Heh, Handb. d. PJlanzenkrankheiten, embedded in it are thus carried to the 


ii. p. 194. 1906.) 


ovaries of other plants. 


After tl! 


e com- 


pletion of this form of fructification, and the absorption of the tissue of 
the ovary by the mycelium, a sclerotium is eventually formed in the 


place of the ovary from the hyphae of the mycelium by their intimate union, 
especially at the periphery, into a compact mass of pseudo-parenchyma (Fig. 35). 
These elongated dark- violet sclbrotia, which project in the form of slightly 
curved bodies from the ears of Rye, are known as Ergot, seoals cornutum 
(Fig. 401 R). The sclerotia, copiously supplied with reserve material (fat), 
eventually fall to the ground, where they pass the winter, and germinate in 
the following spring when the Rye is again in flower. They give rise to bundles 
of hyphae which produce long-stalked, rose-coloured globular heads {C). Over 
the surface of the latter, numerous sunken perithecia (R, X) are distributed. 
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Multinucleate autheridia and ascogonia are developed, and these conjugate. Each 
perithecium contains a number of asci with eight long, filiform ascospores, which 
are ejected and carried by the wind to the inflorescences of the grass. 

Official. — Eugot is the sclerotium of Claviceps purpurea. 


Order 4. Discomycetales (®®) 

The Discomycetes are connected by intermediate forms with tlio Plectascales. 
Their asci are arranged in a flattened hymenium within the young fructification 


which is later opened by the widonin; 



Fio. 3l»i».~'P(}ritliecium ofPodospora fimumUi 
in longitudinal Koction. s, Asci ; a, 
paraphyses ; e, jKTiphyses ; m, mycelial 
hyphae. (x 90. After v. Tavel.) 


of the upper region. The result is an open 
cup- or saucer-shaped structure (apothe- 
cruM) bearing tlio asci on its upper surface 
(Figs. 402, 403). 

The reproductive story was given in 
the introduction for Fffronema conjluens 
(p. 444). In many Discomycetes a reduc- 
tion in the sexual organs is found, 
associated with loss of sexuality. The 
autheridia may be functionlcss or entirely 
suppressed ; in extreme cases the ascogonia 



Fio. 400. — I, Conidiophore abstricting conidia, 
from a pycnidium of Cryjdospora kyjiodennia. 
(x 300. Aft<^r Bbefeld.) Pycnidium of 
Stricheria ohducens in vertical section, (x 70. 
After Tulasnk.) 


are wanting, and in their place only a coil of hyphae can be recognised. The 
ascogen^s hyphae can, however, always be demonstrated in the young fructifica- 
tion. The absence of the anthoridia leads to peculiar relations in Asevholus 
carbonarius ; its elongated trichogyne grows towards certain conidia, which 
have taken over the function of the antheridium. 


Peculiarities are exhibited by the sexual organs of some Discomycetes which 
are associated with Algae to form Lichens (cf. p. 474). Free, male sexual-cells are 
found in these cases. These si’Ermatia are small, spherical cells formed by abstric- 
tion from the ends of hyphae (®®) in spermooonia (resembling that shown in Fig. 428), 
which are sunk in the Lichen thallus. The spermatia emerge fi:om the spermogonia 
embedded in mucilage and when they come in contact with a trichogyne adhere to 
it C*®). The trichogynea are very long (Fig. 404) and formed of a row of cells ; 

2a 
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each arises from a coiled multicellular ascogoniuni and projects above the surface of 
the thallus. After dissolution of the wall at the point of contact (Fig. 404 B) the 



Pio. 401. — ClatrUieps pvrfturea. A, Mycelial hypha with conidia; B, ear of Rye with several ripe 
sclerotia ; C, a sclerotium with stromata ; I), longitudinal section of a ft-uctifleation showing 
nuTiierous perithecia ; E, a single pyritheciuni, more highly magnified ; F, ascus with eight 
ftllfomi spores ; 6, a ruptured ascus with escaping spores ; R, a single spore. (A after 
Bbefisli) ; (7-/f after Tulasnb ; B photographed from Nature. Official and Poisonous.) 

nucleus of the spermatium disappears, the transverse walls of the trichogjne 
become swollen, and the middle cells of the ascogonium grow out into asoogenous 
hyphae. The passage of the male nucleus into the trichogyne has only been 
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demonstrated in one case, and nothing is known as to its relation to the 
ascogoniuni. 



Fio. 402 . — Veziza aurantiaca. 
(Nat. size. After Kkombholz.) 



Fio. 404 . — CoUtma crispa. 
carpogonium (c) with its 
trichogyne (t) (X 406). £, 

apex of the trichogyne 
with the spermatium (js) 
attached (x 1125). (After 
B. Baur.) 



Fi<;. ^3.—Lachnea pulcherrimt, Apotheciiiiii ruptured, 
• showing old and young asci between the paraphyses 
(After WoRoKiN, from v. Tavkl.) 



Ph!. 401}.— Morchella esculenfa. 
(t nat. size.) 


In Gollema pulposum the spermatia are not shed from the hypliae which bear 
them. The long trichogynes remain within the thallus and grow towards the 
spermatia with which fusion takes place 


2gi 
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111 exceptional cases the sjiermatia of these Lichen fungi can germinate and form 
a small mycelium. Some conclude from this that they are conidia which — as in 


















Fio. 406. — Tuf)er rv/um. 1, A iructincatioii m vertical section ( x 5) ; «, the cortex ; d, air*containing 
tissue ; c, dark veins of compact liyphae ; h, ascogenous tissue. S, A jiortion of the hymeniura 
(x 460). (After Tulasne, from v. Tavel, PUze.) 

Ascobolus carbonanus--l[ia.ye taken over the function of the antheridia which have 
been lost in the course of evolution. 


Relatively few Discomycetes live in lichen thalli. The majority occur on and 
in dead or living parts of plants, especially on rotting wood but also in humus 
soils. They form apothecia which are usually small (e.y. Pyroneina\ but less 
frequently (e,g, Peziza aurantiaeaf Fig. 402) may attain the width of a decimetre. 
In tlie Family Helyellaoeae, the members of which live in the 8oiI» the fructifica- 
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tion is stalked and only when young is cup-sliaj)cd ; later the hyraeniiim becomes 
convex so that the asci are directed outwards. In some cases the hymenium 
becomes thrown into folds (Fig. 406) as in Gyromitra esculrnta^ and still more 
markedly in Morchella esculenta^ the edible Morchella fungus, which attains a height 
of 12 centimetres ’®«). 

In some Discomycetes (Spharrosoma) the fructifications are subterranean and 
tuberous, and have the hymenium on the outer 
surface, which may be folded or pitted. These forms 
lead on to the next order. 

Order 6. Tuberales (Truffles) 

The simplest forms of this order are comparable to 
a Sphaerosoma with very deep pitting or folding of the 
surface. In higher forms the openings of the canals 
lined by the hymenium become obscured. The asci 
thus lie in chambers or tracts within the tuberous 
subterranean fructification. These are known as 
truffles, and some of them are valuable edible fungi (’®), 



e.g. Tuber hruinalCf T. melanosporum (Perigord Truffle), 



etc. The mycelium of 
the Tuberacoae lives 
saprophytically in the 
soil of woods and that 
of some of them forms 
mycorrhiza (p. 261). 


Fjo. A08.—Taphrina Pruni. 
Transverse section 
through the epidermis 
of an infected plum. 
Pour ripe asci, a|, a 
with eight 8 i)ore 8 , a.,, 
04 with yeast'like 
conidia abstricted from 
the spores ; .sf, stalk • 


Fig. 407.— -Tap/maa epiphylla, 1 , 
2, conjugation of conidia; 3, 
germ-tube witli the two nuclei 
derived from the gametes. 
(After WiEBEN, from Kniep.) 


Order 6. Exoascales (<‘‘^) 

The single Family 
(Exoasceae) contains 
only the genus Taphrina, 
the species of which 


cells of the asci ; m, 
lilaments of the my- 
celium cut transversely; 
rwf, cuticle ; ep, epi- 
dermis. (x 400. After 
Sadebeck.) 


live us parasitic fungi in various trees. As annual fungi they may attack 
the leaves and cause diseases of these, or the mycelium may persi.st over 
the winter in the tissue of the liost-plant and give rise to an annually recurring 
disease. The presence of the mycelium in the tissues of the infected part causes 
the abnormally profuse development of brandies known as Witches’-buooms. 


Taphrina carpini produces the abnormal growths occurring on the Hornbeam ; 
Taphrina cerasi those on Cherry trees. Taphrina deformans attacks the leaves 
of the Peach and causes them to curl. Taphrina pruni is parasitic in the 
young ovaries of many species of Prunus, and produces the malformation of the 


fruit known as “Bladder Plums,” containing a cavity, the so-called “pocket,” 
in the place of the stone ; the mycelium persists through the winter in the 
branches. 


Ascogonia and antheridia are not known in Taphrina and the condition with 
paired nuclei arises in the following way. The ascospores exhibit a yeast-like 
budding and give rise to numerous conidia, frequently wh\ie still within the 
ascus (Fig. 408 aj,, ^4), or on the spores being sown in water or sugary nutrient 
solutions. The spores are of different sexes and the conidia budded off from them 


conjugate in pairs by means of a conjugation<tube (Fig. 407), through which the 
nucleus passes from one of the conidia into the other. The latter grows out as a 
mycelium with paired nuclei which infects the host-plant. The asci, containing 
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eight spores, project from the epidermis of tlie leaves in a continuous layer, 
without paraphyses (Fig. 408). Reduction -division and determination of sex 
take place on the division of the primary diploid nucleus in the young ascus ; 
four of the resulting ascospores belong to the one sex and four to the other. 

The Exoasceae are to be regarded as reduced Ascomycetes, They have no 

fructifications and no conidia are 
formed on tlie mycelium ; in place 
of these there is the budding of 
the ascospores. 

Order 8. Laboulbeuiales 

The Laboulbeniales live as 
parasites on insects, from the 
bodies of which their minute 
fructifications project like bristles 
that are at most 1 millimetre in 
length. While some send hyphae 
into the insect’s body, the majority 
are attached to the exterior of 
the chitinous covering. One of 
the best-known examples is Stigma- 
tomyces Baeril which occurs on 
house-flies. The two cells of the 
ascospore, after it has become 
attached to the body of the fly, 
undergo divisions (Fig 409 A-C). 
From the upper cell an appendage 
is developed, bearing several uni- 
cellular ANTHERiniA (D, an) from 
which spherical, naked non-ciliated 
SPBRMATIA are shed. The lower 
cell first divides into four cells 
(D, a, hy c, d), and of these the cell a 
projects and gives rise to the 
multicellular female structure. 
The ASCoooNiUM (E, ac) is sur- 
rounded by an investment of cells, and has above it two cells, the upper- 
most of which becomes a projecting trichooyne and serves as the receptive 
organ for the spermatia. After fertilisation the ascogonium divides into three 
cells ; the uppermost disappears, the lowest (F, st) remains sterile, while the asci 
grow out from the middle cell. Each ascus (G) contains four bicellular spindle- 
shaped spores. 

Phylogenetically the Laboulbeniaceae are regarded by many authors as reduced 
Florideae on account of their possessing a trichogyne and spermatia. They exhibit 
no close relationship with the other orders of Ascomycetes. 



Fio. iO^l—Stigmitomycss Jiaerii, Dtiscription in Uixt. 
A, Spore. E-F, Successive d»‘-v«lopmental st^es. D. 
With spermatia escaping from the antlioridia an. E. 
With antheridia above and tlie lateral female-organ, 
F, Perithecium with developing asci. (y, Ripe ascus. 
(After Thaxtkr.) 


Survey of the Ascomycetes. The ascus, with eight spores, less 
commonly with four or two spores, is characteristic of all Ascomycetes. 

In the Sub-Class of the Protoascomycetes the ascus arises as the 
direct product of the fusion of the gametangia. The sexual proce^ 
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in the Euascomycetes, on the other hand, leads at first to the formation 
of ascogenous hyphae on which later the asci arise. In typical cases 
there is fusion between a multinucleate ascogonium, provided with a 
trichogyne and a multinucleate antheridium, so that there is a con- 
jugation of gametangia ; free spermatia are only rarely formed. 
The fusion of male and female nuclei does not take place in the 
ascogonium, but they pass, associated in pairs, into the ascogenous 
hyphae where they increase in number by conjugate division ; tiie 
nuclear fusion is effected, after the stage of liook- formation, in the 
young ascus. Here also (as was the case for the Protoascomycetes) 
the reduction-division of the diploid fusion-nucleus takes place, so that 
the ascospores are haploid. 

The life-history, considered from the point of view of an alternation 
OF GENERATIONS, may be divided in the following way. The gameto- 
PiiYTE is represented by the haploid mycelium bearing the antheridia 
and ascogonia. From the fertilised ascogonium the dikaryotic srORO- 
PHYTE with paired nuclei is developed in the form of the ascogenous 
hyphae. It ends with the formation of asexual haploid spores (the 
ascospores) which are developed in a sporangium (the ascus). The 
plectenchyma of the fructification is formed from the haploid 
gametophytic mycelium. 

The phylogenetic position of the Ascomycetes is still a disputed 
question. There are two main opposed views regarding it. 

According to one view, the Ascomycetes are regarded as derived from the Red 
Algae on account of the great resemblance of the sexual organs of some forms with 
those of this group of Algae. On this view Ascomy^cetes with relatively simple 
sexual processes must be regarded as reduced and phylogenetically younger 
forms. 

According to the second view, the forms with simple sexual organs (Proto- 
ascomycetes) are the most primitive Ascomycetes. From them, by further elabora- 
tion of the sexual organs, the production of ascogenous hyphae (which enable 
an increased number of individuals to be produced by one sexual act), and of 
various types of fructification, the various orders of the Euascomycetes have 
developed. This view is based on the great resemblance of the sexual process in 
the Endomycetaceae to that in higher Phycomycetes, so that the latter would 
be the progenitors of the Ascomycetes. 


The Orders of the Euascomycetes are characterised by the following characters 
derived from the fructifications — apart from those of the sexual organs : 

Plectascales : Perithecia, spherical, closed ; asci without regular arrangement. 
Erysiphales : Perithecia, spherical, closed ; asci as a central group. 

Pyrenomycetales ; Perithecia with an ofiening at the tip, flask- or urn-shaped. 
Disc(myeetale$ : Apothecia with an open hymenium, saucet-, disc- or cuf>-shaped. 
TuheraUs ; Fructification tuberous, subterranean, penetrated by tracts or chambers 
with the asci. 

PkotmaUi : Fructification wanting. ^ 

Laboulbeniales : Fructification bristle-shaped, the only order with s pdp ^ ’ tia. 

^ 2 ( 3^2 
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Sub-Class 2. — Basidiomyeetes 

The BASIDIUM is the characteristic organ of the Basidiomyeetes. 
is a structure that 


abstricts spores, in almost 
every case four spores, by 
a process of budding from 
as many distinct points. 
The basidium is club-shaped 
and unicellular in the 
Holobasidiomycetes (Fig. 
410 C) and septate in 
the Phragmobasidiomy- 
CBTES (Figs. 425, 434). 


belong 


A. Holobasidiomycetes 

To this group 
the majority of those plants 
which are commonly recog- 
nised as fungi in our woods 
and meadows. 



Pn>. ilO.—Armillariamellea. A, Young 
bastdium with the two primary 
nuclei ; R, after fusion of the two 
nuclei. Hypholornaappeiidiculatum, 
C, a basidium before the four nuclei 
derived from the secondary nucleus 
of the basidium have passed into the 
four basid iospores. /), Passage of a 
nucleus through the sterigma into 
the basidiospore. (After Buhl and. ) 



Fio. 411.— Diagrammatic scheme of a the development of 
Hymenomycete. J, Spores of different sex, S, Their 
germination to form a mycelium without clamp-connec- 
tions. 5, Conjugation. U-G, Formation of the first clamp- 
connection. 7, Of the next. Mycelium with clamp, 
connections bearing a young blnucleate basidium, a basi- 
dium with the fusion-nucleus, and a ripe basidium with 
two spores of each sex. 


The course of the development is not the same in all repre- 
sentatives of the group, as is apparent especially from the investiga- 
tions of Kniep (Fig. 411). The basidiospores are of different 
sexes. On their germination a mycelium with uninucleate cells, and 
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of practically unlimited capacity of growth, is produced. Ko sexual 
organs are developed. But if the mycelium meets with a similar 
growth of another sex, fusions take place between vegetative cells 
of the two where they are in contact (Fig. 411,3); the two sexual nuclei 
then lay themselves together without, however, fusing. A branch 
now arises from the fusion-cell and the pair of nuclei pass into this 
and undergo division in the following way. Just beside the pair 
of nuclei a hook-shaped lateral outgrowth arises from the cell ; this 
is the beginning of what is known as a CLAMP-C^ONNECTION. One 
nucleus moves into the hook and divides, one of the resulting nuclei 
remaining in the hook, and the other passing back upwards into the 
coll. Meanwhile, the second nucleus has also divided, one of the 


resulting nuclei passes 
upwards towards the tip 
of the cell while the 
other remains in its 
basal part (Fig. 411, 5, 
Fig. 413). These two 
nuclei are now separated 
by a transverse wall 
which forms just beneath 
the clamp, and a second 
wall separates the cavity 
of the latter from that 
of the end cell. This 
terminal cell now con- 
tains a pair of nuclei that 
are sexually different. 
The lower cell also 



becomes binucleate since mhra. Portion of the hymenium. sh, 

, , • 4.1, l. 1 Bub-hyniemallayer;&,ba8idia;s,sterigmata; #7), spores 

the nucleus in the hook paraphy8e8;c, acystiilium. (After Stbahburorr. x 540 .) 

enters it by an opening 

that forms at the tip of the hook, thus establishing the clamp-connection 
(Fig. 411, 6). The terminal cell continues to grow, and at each cell- 
division the clamp-connection is repeated ; thus a branched mycelium, 
all the cells' of which are binucleate and with a clamp-connection at 
every transverse wall, results (Fig. 411, 8). The mycelium can 
continue its growth for years in this condition, until under the 
influence of definite external conditions fructifications develop by 
the interweaving of hyphae. In the hy menial layer of the fructifica- 
tion the terminal cells of the hyphae enlarge and become converted 
into club-shaped basidia (Figs. 412, 413). In these at last the two 
nuclei fuse ; following on this comes the reduction-division which is 
connected with the determination of sex, and by the two successive 
divisions four haploid nuclei arise (Fig. 413). Meanwhile, the 
basidium has put out four thin, short outgrowths, the sterigmata (Fig. 
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410, Cy D) ; one of the haploid nuclei passes into each of these and 

becomes the nucleus of the 
spherical or oval basidio- 
spore (Fig. 412, sjp) which 
arises from the end of the 
sterigma. 

The four si)ores, of which two 
are of the one sox and two of tlie 
other, are projected for a short dis- 
tance from the sterigmata by means 
of the turgor of the basidium 
In addition to the basidia, the 
hymenium contains sterile hyphae 
with degenerated nuclear pairs, the 
paraphyscs, and other sterile sacs, 
the cystidia (Fig. 412). 

The origin of the phase with 
paired nuclei is usually not quite 
so simple as it has been described 
above. Further deviations from 
the normal type are met with, 
e.g. presence of niore than two 
nuclei in the cells (Fig. 6), 
absence of clamp - connections, 
fructifications in the haploid stage, 
formation of only two spores on 
the basidium, etc. Some species 
are also of mixed sex and can 
give rise to a mycelium with 
paired nuclei without uniting with 
another niycelium (®®). 

The ALTERNATION OF GENERA- 
Fio. ilS.—Amiillaria mucic^a. Clainp-formation and tions is not sharply marked. The 
dovelopmont of the basidium. J, Commoncernont haploid, sexually - differentiated 
of clami>-formatioii in tho binucleato t(‘i rainal-cell. -l • i ■ j. r 

S, one nucleus peesing into the protrueiou. S, «hieh originates from 

Conjugate nuclear division. 4, Clamp -cell and basidiospore corresponds to the 
stalk-cell separated from the young basidium. 5, gametophyte, but no longer bears 
Fusion of the two nuclei. 6*, Basidium with single sexual organs. The mycelium with 
naoleue resulting from frslon. 7, Young basidium j,. ^ 

result of conjugation, represents the 
sporopliyte. The basidium is homo- 
logous with a sporangium. The tissue of the fructification consists of hyphae with 
paired nuclei. 



with the four basidiospore nuclei and the developing 
sterigmata, (After H. Kniep.) 


Order 1. Hymenomycetales 

In the simplest Hymenomycetales the basidia are more or less isolated on the 
mycelium, while in the higher forms they are associated in a hymenium ; the 
hymenial layers in turn come to be situated on a definite ffuctification, and in the 
mature condition are always freely exposed on the surface of the fructification. 
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Conidia, and more often oidia and gemmae, occur as accessory modes of repro- 
duction, but play a much less important part than the basidiospores. A ripe 



Ficj. 414. — Exohasidium, Vaccinii. Transverse section throu}<h the periplufry of a stem of 
Vaccinium. ep, Epi«lermis ; p, cortical parenchyma; m, mycelial hyphae; h', protniding basklia 
without sterigmata ; ?/', with young sterigmata ; 1/", with four spores. ( x 020. After Woronin.) 

fructification of Polyporus squamoms sheds at least a million spores per minute. 
The fructifications exhibit great variety of form. 

Thus Corticiuvh terrestre has no fructification, but bears its basidia directly on 



Pig. 416. —CZavaHa hotrytis, (Reduced. After H. ScnsNCK.) 

the cobweb-like mycelium, which creeps over fallen twigs and moss. Other repre- 
sentatives of the CorUciaoeae form flat expansions or similarly simple hymenia. 
This is the case in Stereum which occurs commonly on tree-stumps, etc. Exo* 
hasidium (Exobaaidiaceaa), which is parasitic on species of Faccinium, gives rise 
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to red swellings of the parts of the plant affected ; its basidia are borne without 
any fructification beneath the epidermis, between the cells of which they project 
(Fig. 414). 

In the club-shaped or coralloid fructifications of the Clayariaceae (Fig. 41 f>) the 
whole surface is covered by the hymenium. In the family of the Cantharellaceae, 
to which the edible Canthartllns eibarim belongs, there is a distinction between 



Fio. 416 . — Hydnum repandum. (Reduced. 
After H. Schenck.) 


wood of the joists, etc., of houses and 
of whitish-grey mycelium, this fungus foi 


portions with and without a hymenial 
layer ; the basidia are restricted to the 
ridged outer side of the top-shaped fructi- 
fication. 

In the Hydnaceae the hymen ium- 
bearing region takes the form of prickle - 
like outgrowths, which in the most ad- 
vanced types cover the lower side of the 
stalked cap-shaped fructification (Fig. 416). 

In the Polyporeae in a wide sense 
the hymenial layer lines numerous tube- 
like canals which are placed vertically with 
regard to the general surface. Among 
the simplest of the fructifications are those 
of the Meruliaceae which are resupinate 
and have only shallow depressions ; Meru- 
liu8 lacrymans is the injurious Dry Rot 
Fungus and lives saprophytically in the 
destroys it. In addition to the growths 
rms firm mycelial strands in which there are 



Pia. 417.— ScUanas. (After Ksombholz, i nat. size.) Po/sojfoi’S. 


vessel-Iike hyphae with wide lumina which serve to conduct water and food- 
materials ; thus from the originally infected moist region the fungus .can extend 
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into the dry parts of the house. The tubes are more defined in the fructifications 
of the Polyporaoeae to which Fomes fomeniwriuB^ Touch-wood, belongs. Its 
mycelium lives as a parasite in deciduous trees, and forms large, bracket-shaped 
perennial fructifications. They have a hard, grey external surface, but inside are 
composed of softer, more loosely-woven hyphae, and were formerly used for tinder. 
The narrow tubes of the hymenium are disposed on the under side of the fructifica- 
tion in successive annual layers. Folyporus ojicmalis, which occurs on Larches 
in Soutli Europe, is similarly formed and has an irregularly tuberous, white 
fructification ; it contains a bitter, resinous substance. The various species of 
Boletus (Fam. Boletaceae) live saprophytically in tlie soil of woods. Their fleshy 
cap has a centrally placed stalk and bears the regularly formed tubes on its lower 
side. Boletus cdulis and other species are edible ; Boletus satanas (Fig. 417), 
on the other hand, is extremely poisonous. The stalk is yellow to reddish- 
purple and has red reticulate markings, while the pileus is yellowish brown on its 



fructification, showing annual zones of growth. Vm.ilS^.’-Psalliotacam'pestris, Mush- 
a, Point of attachment, Q nat. size. After roonj. To the right .a young 


H. SCHENCK.) 


fructification. (Reduceii.) 


upper surface, but on the under side is blood-red, changing later to orange-red. 
Some species of Boletus fonn mycorrhiza (p. 261), 

The Gill-Fungi or Agaricaceae include the largest number of species. The 
radially arranged lamellae or gills which are borne on the under side of the stalked 
cap or pileus are covered by the hymenium (Fig. 420). They mostly live as 
saprophytes in the soil of woods, but some are parasitic on trees. The 
fructifications in a young stage are roundish bodies, within which the stalk 
and cap are early dififerentiated. In many, a thin membrane (velum) extends 
from the margin of the cap to the stalk (Fig. 419) ; a similar structure is 
present in some species of Boletus, The velum ruptures latfer in development 
and may persist as a ring-shaped, attached; or movable structure (annulus) round 
the stalk ; in some species it remains as a pendulous membrane on the upper part 
of the stalk (armilla). In Amanita (Figs. 420, 421) and related forms the young 
stalk and cap are enclosed by an envelope which remains as the volva the base 
of the stalk and as white patches over the pileus. 

The Mushroom {Psalliota campestris^ Fig. 419) has a whitish cap and gills that 
are at first white, then pinkish, and ultimately blackish-brown ; it occurs wild in 
fields but is also cultivated. There are other edible, though not artificially 
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cultivated, Agaries, for example Lactarius delicioHus^ characterised by an orange, 
milky juice, contained in specialised hyphae. Many cases of poisoning by fungi 
are caused by species of which have the thick base of the stalk enclosed 

by a volva and white gills. Amanita phalloides (Fig. 421), with an olive*green 
cap, is the most poisonous. A, mappa is whitish-yellow with patches of the volva, 
and A. verna is white. Armillaria mellea is a dangerous parasite of trees ; it 




Pio. 420.--Awatti<a muscarUi. (J nat. size.) Fio. 42^.~ Amanita phalloides, nat. size.) 

Poiaonoua. Vear Poisonous. 

contains a photogenic substance in its mycelium, which renders the infected wood 
phosphorescent (*). 


Order 2. Gaeteromycetalee 

The Gasteromycetes are distinguished from the Hymenomycetes by their closed 
fructifications, which open only after the spores are ripe, by the rupture of the 
outer hyphal cortex or pkridium. The spores are formed within the fructifications 
in an inner mass of tissue termed the oleba. 

The Gasteromycetes are saprophytes, and develop their mycelium, which is from 
the beginning dikaryotic, in the humus soil of woods and meadows. Their 
fructifications, like those of the Hymenomycetes, are raised above the surface of the 
substratum, except in the group of the Hymenogastreae, wliich possesses sub- 
terranean, tuberous fructifications resembling those of the Tuberaceae. 

The fructifications of ScUroderma vulgare (Fig. 422, 1) have a comparatively 
simple structure. They are nearly spherical, usually about 6 cm. thick, and have 
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a thick, light brown, leathery peridium which finally becomes cracked and rup- 
tured at the apex. The gleba is black when ripe, is traversed by numerous 
sterile veins, and is crowded witli pear-shaped basidia which do not form a regular 
hymeniuni ; the basidia bear four sessile, spherical spores (Pig. 422, 2). 

The genera BovistcC and Lycoperdon (Fig. 423, 1) have also spherical fructi- 
fications, which are at first white and later of a brown colour. In the last-named 
genus they are also stalked, and in the case of Lycoperdon Bomsta may even 
become half a metre in diameter. The peridium is formed of two layers ; the outer 




Fid. 1, Scleroderma vulgare, fmctilica- 

tiou. Basidia of same. (After Tulasne.) 

(1, nat. size ; 2, enlarged.) 



Fio. 423.—/, Lycoperdon 
gemm/cUvm. S, Geaster 
granulonus. (Nat. size.) 


separates at maturity, while the inner dehisces at the summit. The hymenial 
layer of basidia, in the fungi of this group, lines the chambers of the gleba. The 
chambers are also provided with a fibrous capillitium consisting of brown, thick- 
walled, branched hyphae which aid in distributing the spores. 

In the related genus Geaster (Earth-star) (Fig. 423, 2) the peridia of the nearly 
spherical fructifications are also composed of two envelopes. When the dry fruit 
dehisces, the outer envelope splits into several stellate segments, and the inner 
layer of the peridium becomes perforated by an apical opening. 

The highest development of the fructifications is exliibited by the Phallaceae (®*), 
of which Ithyphallus impudicus (Stink -horn) is a well-known example. Its 
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fructification recalls that of the disconiycetous Morchellay but it has quite 
a dilferent manner of development. A friictification of this species is 
about 15 cm. high, It lias a thick, hollow stalk of a white colour and per- 
forated with pores or chambers. Surmounting the stalk is a bell-shaped pileus 
covered with a brownish-green gleba which, when ripe, is converted into a slimy 

mass (Fig. 424). When young the fructification 
forms a white, egg-shaped body, and is wholly 
enveloped by a double - walled peridium with 
an intermediate gelatinous layer. Within the 
PEUIDIUM, the hyphal tis.sue becomes differentiated 
into the axial stalk and the bell-shaped pileus, 
carrying the gleba in the form of a mass of hyphal 
tissue, which contains the (diainbers and basidial 
hymenium. At maturity the stalk becomes 
enormously elongated, and, pushing through 
the ruptured peridium, raises the pileus with the 
adhering gleba high above it. The gleba then 
deliquesces into a dropping, slimy mass, w'hich 
emits a carrion-like stench serving to attract 
carrion- flies, by whose agency the spores embedded 
in it are disseminated. 

B. Phragmobasidiomycetes 

The basidium is four-celled, being 
divided by longitudinal walls or more 
commonly by transverse walls; in a few 
exceptional cases it is unicellular. 

Order 1. Tremellales (^) 

The basidium is longitudinally divided and 
bears four spores (Fig. 425). There is an 
ascending series leading from forms without 
fructification to those with gelatinous fructifica- 
tions which are covered on their upper surface 
by the hymenium. The few genera are 
saprophytic on rotting stems of trees. 

Fm. i24.--ithyphaliu8 impudUus, Order 2. Auriculariales (^®) 

^ The Auriculariales also form a developmental 

series from primitive web-like forms without a 
hymenial layer to those with a differentiated fructification. Thus the Jew’s 
ear fungus {Auricularia sa^nbucina), which grows on old Elder stems, has 
gelatinous, dark-brown, shell-shaped fructifications which bear the hymenium 
on their inner side. The basidia of all the Auriculariales are divided by trans- 
verse walls into four cells lying in a row above one another ; from each of these 
a sterigma is formed laterally and bears a spore (Fig. 426). In many forms the 
basidium has a swelling at its base known as a pro-basidium (Fig. 426) ; this 
originally formed the end of a hypha with paired nuclei and the nuclear fusion 
occurred within it. Later the true septate basidium grows from the pro- 
basidium. 
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Order 3, Uredlnales (Bust Fungi) 

In this Order, which includes some 1000 species, the basidia are 
transversely septate and four-celled (Fig. 427, 2); they are thus 
very similar to those of the Auriculariales. The mycelium cannot be 
artificially cultivated ; it lives parasitically in the intercellular spaces 
of the higher plants, most commonly in their leaves, and sends 
haustoria into the cells. These fungi cause widespread diseases that 
are spoken of as Rusts. No fructifications are formed, but the group 



Fifj. 425. — Baaidiiim of Tremelln lufebneng, 
(Aftiir Brkfeld.) (x 450. Froin v. 
Tavel, J'ilze.) 



Fio. 426. — Sdf'eohlastia ovUpora. Two 
transversely septate basidia with 
pro-lmsidia at their buses ; that 
on the right shows the commence- 
ment of spore-formation. 


is characterised by the variety in type of the spores which appear in 
a strict order of succession (Fig. 433). The typical course of develop- 
ment is as follows 

The basidiospores germinate in the spring on the leaves of a host-plant and 
give rise to a mycelium with uninucleate cells which grows in the intercellular 
spaces. On tliis mycelium two kinds of spores are later produced ; tliese are the 
small “spermatia,” which are formed in spermogonia, and are incapable of 
further development, and the larger aecidiospores, formed in aecidia and cai)able 
of infecting a host-plant. 

The SPERM0(40NIA are flask - shaped structures which break through the 
epidermis of the upper side of the leaf (Fig. 428), and abstrict small, uninucleate 
elliptical cells, the “spekmatia” from the hyphae lining the basal region. 
Those spores may produce a short germ-tube in nutrient solutions, but are not 
capable of infecting a host-jdant. They have no importan jc for the develop- 
ment of the fungus and are wanting in many species. 

The AECIDIA break through the epidermis of the under side of the same leaves. 
They are cup-shaped structures (Fig. 429) filled with parallel chains of akcidio- 
SPORES. Their development commences, in the case of Phragmidium apedomm^ 
parasitic on Roses, with a palisade-like arrangement of uninucleate hyphae beneath 

2h 
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the epidermis (Fig, 430 A). The end of each hypha divides into an upper 
sterile cell, which soon degenerates, and a larger, lower fertile cell (B). Between 
every two neighbouring fertile cells the walls are broken down in the upper part 
so that they fuse in j)airs (C) ; their nuclei do not, however, fuse, but become 
placed side by side. From then on the pair of nuclei divide conjugately, the 



Fio, 427 . — PiwHnm gmminis. 1, Transverse section through a grass-liaulrn with group t)f teleuto- 
si>ores. 5, (Jermiiiating teloutospore with two basidia. 3, 4, germinating basidiospores ; 
the latter has formed a secondary spore, not having been able to infect a host-plant. 6, 
A portion of a group of uredospores (a) and teleutospores (t) ; p, the germ-pores. 6', Germinat- 
ing uredoBpore. (7, S, S, 4 after Tulasnk; 6, Rafter I)e Bary. I, x 150; 2, x circa 230; 
S, 4, X 370 ; 5, X 300 ; 6, x 890. From v. Tavel, Pilze.) 

one resulting pair of nuclei passing towards the tip of the cell and the other pair 
remaining in its basal part ; between the two pairs a transverse wall is formed 
(D, IS). This process is repeated many times in the basal cell so that a chain of 
binucleate cells (aeoidjospore mother-cells) is formed. Each spore-moth er-cell 
divides once, with conjugate division of its pair of nuclei, into an upper, larger 
cell, which is the binucleate aeoidiospors and a lower binucleate small cell, 
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which is the inteucalaiiy cell (F). Tlio latter become mucilaginous and disappear^ 
setting the aecidiospores free (G). In some genera {e.g. Fuccinia) the uppermost 


H«}. 4)iS.—Gymnos])orangium davaria^orm. A spermogonima rupturing the epidermis of a leaf 
of Cmtaegua ; sp, s])ennatia ; p, sterile paraphyses. (After Blackman.) 

spores of tlie rows and all the spores of the peripheral rows lose their spore-like 
characters and cohere to form a Urm investment (peridiitm, Fig. 429). Owing to 


W 


Fig. 429. — Puccinia gtaminis, Aecidium on BerherU vulgaris ; ep. ei)idemii8 of lower surface of leaf ; 
m, intercellular mycelium ; p, peridium ; «, chains of sporea. (x 142.) 

the pressure caused by the continued new formation of spores at the lower ends 
of the chains (in Puccinia graminis over 10,000 spores are formed in an aecidium), 
the epidermis is ruptured and the rust-coloured spores are set free and can be 
distributed by the wind. 
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They germinate on a new host-plant. The germ-tube enters by moans of a 
stoma and develops to an intercellular mycelium with binucleate cells which 
soon proceeds to form uredospoiies or summer-spores. These arise singly by the 
enlargement of the terminal cell of the hypha which forms the stalk, and are 
associated in roundish or linear sori, which break through the epidermis of the 
host-plant as rusty patches. Each uredospore contains a pair of nuclei which, 
like those of the mycelium, have arisen by conjugate division (Fig. 431). The 
uredospores spread the fungus during the summer. Later in the year differently 
constructed spores, the teleutospoiies, or winter-spores, are formed in the same 
(Fig. 427, 5), or in other (B’ig. 427, 1) sori. These are thick- walled, usually 
more darkly coloured, and unicellular {Uromyces)^ bicellular {Fuccinia^ Fig. 427), 



Fio. ABQ.-^Phragmidium apedosum. A, The first rudiment of an aecidium beneath the epidermis of 
a leaf of Rosa, Ji, The division of the end-cell of a hypha into the upper, tmnsitory, sterile cell 
and the lower fertile cell. C, Conjugation of two adjoining fertile cells. D, Later stag(‘ in which 
the first imelear division is completed. E, Abstriction of the first aeciiliosporo-mother-cell. F, 
Chain of aecidiospores (ai, Og) separated by intercalary cells (arj, ; sm, the last-formed spore- 
mother-cell still undivided. (After Christman). C, Ripe aecidiospore of Phragmiditim 
violaceum. (After Blackman.) 


or multicellular {JPhragmidiuvXy Fig. 432). When young they are binucleate, but 
as they mature the paired nuclei they contain fuse (Figs. 432, 433). Each 
teleutosporo corresponds to the early stage of a basidium which, however (since 
the thick-walled teleutospore forms a resting structure over the winter), does not 
at once develop further, but germinates in the ensuing spring to form a tubular 
basidium (427, 2). The teleutospore thus corresponds to ihe pro-basidium of 
the Auriculariales (cf. Fig. 426). The four haploid nuclei, which arise by division 
of the fusion- nucleus, are separated by transverse walls (Fig. 433, 7). From each 
of these cells a sterigma grows, and ends in the haploid basidiospoke (Fig. 
427, 2). The basidiospores are forcibly thrown off from the sterigmata. They 
are carried by the wind to the leaves of the host-plant and this completes the 
developmental cycle (Fig. 433). 

All Uredineae do not exhibit so complicated a course of development (’®), since 
in many oases one or more of the five forms of spores are omitted. Thus in the 
fungus which causes tiie Rust disease of Malvaceae, Puccinia malvacearurrit there 
are no spermogonia, aecidia, or uredospores ; the binucleate condition is attained 
by the fusion of two cells in the young teleuto-sorus. Teleutospores are almost 
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always present in the life-history. They are absent in very few species 
for example, in Endo%)h.yllum sempenrivi^ in this the basidia develop from the 
aecidiospores in which the nuclear fusion, which usually occurs in the teleutospores, 
takes place. 

Some Rust-Fungi go through their whole life-history on the same kind of host- 
plant ; these are termed autokuious. In the iikteiiorcjous Uredincae, on the other 
hand, the ha])loid phase (the haplont) and the binucleate phase (the dikaryont) 
develop on different kinds of host-plant. 

An example of such an alternation of hosts is afforded by Puccinia graminis {^) 
(Fig. 427), the commonest of the Rusts of Wheat. Its basidiospores will only 
germinate on the leaves of the Barberry (and the young fruits of Mahonia 
aqnilegifolia) and produce on this host-plant the sj»ermogonia and the aecidia. 
The basidiospores, on the other hand, will only germinate on the Graminoae, pro- 



Fiq. i^l.—Phragmidium rubi. Marginal portion of 
an almost mature uredo-soms aft^'r it has broken 
through the epidermis. The mycelium and the 
uredospores have paired nuclei. P. paraphysis. 
(After Gaumann. x 065.) 



Fio, i32.—Phragmidium violaceum, 
Teleutospore. The lower cell has 
a pair of nuclei ; these have fused 
in the two upper cells. (After 
Blackman from Gaumann. x700.) 


ducing on them the uredospores and teleutospores in rusty-brown or blackish linear 
sori. Similarly in Uromyces pisi the sperniogonia and aecidia occur on Euphorhia 
cyparissias and E, cmla, and the uredo- and telputo-spores on Pisum sativum^ 
Lathyrus pralensis and L. sylvestris. The infected plants of Euphorbia remain 
unbranched, have yellowish, abnormally short and thick leaves, and do not, as a 
rule, flower. These forms of Rust are thus very selective as regards their hosts ; 
there are, however, heteroecious species, the haplonts or dikaryonts of which can 
grow on many different host-plants (^). 

The Rust -fungi, although they do not kill the tissues of the host -plants, 
give rise to serious diseases of plants. Thus in forestry the aecidinm generation 
of Melampsora caryophyllacearum causes witches’-brooms, and canker of Abies, 
while its uredo- and teleuto - spores occur on Caryophyllaoeae. Vronartium 
\ ascelepiadeum is still more injurious since its aecidial stage attacks and kills 
the branches of pines. Puccinia graminis causes great harm, especially to winter 
wheat, weakening the plants and diminishing the yield. The attempt to eradicate 
the disease by destroying all Barberry plants does not succeed, since the 
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uredospores can live over the winter and then infect the young wheat-plants. 
No chemical remedies are known. 


The typical Uredineae show a clear alternation of nuclear phases 
and a corresponding alternation of generations. 

The HAPLOID GAMETOPHYTE develops from the haploid basidiospore ; 
it ends with the cell-fusion that takes place in the young aecidium 
and represents a reduced sexual process. The binucleate aecidiospore- 
mother-cells rc})rosent the beginning of the dikaryotic sporophytk ; 
this has the uredospores as a subsidiary form of reproduction and 
ends with the basidia in which the reduction-division takes place. 
The teloutospores are not for the spread of the plant, but are to be 



Eia. 433.— DiagrammaUc represontation of the succession of spores in Pwmrtia graminis. 1, 
basidiospore; 2, aecidiospore (on BerberU); 3, 4, 3, uredospores and toutospores (on wheat) ; 0, 
7, 8, development of the l>asidiuni. 

regarded as the young basidia modified for persistence through the 
winter. The garaetophyte and sporophyte in some cases differ in 
their nutritive physiology and grow on different host-plants. 

There is still difference of opinion regarding the nature of the spermatia.” 
As the name indicates they are often regarded, with Blackman, as male gametes 
that have become functionless. They may, however, be alternatively regarded as 
conidia which have become functionless, and the structures in which they arise 
would then be termed pycnidia, instead of spermogonia. 

Order 4. Uatilaginales (Smut Fungi) 

The Ustilagineae, which form no fructifications, live as parasites 
in the intercellular spaces of higher plants, but can be grown in 
culture. In typical cases their development is as follows : 

The brand-spores (resting spores) which are distributed by the wind in autumn 
retain the power of germination for years ; in spring they germinate, forming a 
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Kio. 436. — UUilago. 
Basidiospore in nut- 
rient solution, un- 
<iergoing yeast-like 
budding. (After 
Brefeld, from von 
Tavel, Pilze. ( X 
B.'iO.) 


basidium which abstricts basidiospohes (Fig. 434). The latter are sexually ditler- 
entiated and conjugate on germinating or shortly afterwards (Fig. 437 A), giving 
rise to a dikaryotic mycelium which at first is saprophytic. This mycelium 
infects the host-plant 
and, at least in the 
case of some species, is 
extensively developed 
as a mycelium with 
clamp-connections. At 
certain spots, e.g. in 
the ovaries of cereals, 
the mycelium forms 
denser masses and its 
cells swell in bead- 
like rows (Fig. 43.5), 
and become isolated 
as thick-walled dark 
spores. These buand- 
sroRES are shed from 
the place of their for- 
mation like a black 
dust. When young, 
each spore has two 
nuclei, but as the spore 
matures these fuse ; on 
the formation of the 
basidium, reduction- 
division, associated 
with the sex - deter- 
mination, occurs. The 
basidiospores are thus 
haploid and sexually 
distinct. The brand - 
spores are evidently 
homologous with the 
teleutospores of the 
Uredineae. 

Considerable differ- 
ences in detail are 
found between the two 
families of the Ustila- 
ginaoeae and Tilletia- 
ceae, and between their 
individual species. 


Fio. 434. — Ustilago saaMosae. A, 
Young basidium with four nuclei 
formed on germination of the 
resting spore. /?, Spore-forma- 
tion on the 4-ceUed basidium. 
(After Hakpbb.) 




Fio. 435.— tr 8 f i I a sr 0 
Veijichii, Formation 
of brand-spores tvom 
a mycelium with 
clamp- connections. 
(After Setfert.) 


Pio. 487. — Ustilago tnrbo. A, 
conjugating sporidia. The 
two uppermost cells of a 
basidium united to form a 
cell with paired nuclei. C, 
conjugation between, two 
basidia. (After R a w i t- 
SCHER. X 1000.) 


In the Ustila- 

ginaceae the brand-spore, which has rested daring the winter, puts out a germ- 
tube (Fig. 434 A) into which the diploid nucleus passes and undergoes division 
into four haploid nuclei ; transverse walls form between these nuclei, and a 
BASIDIUM, resembling those of the Aurioulariaoeae and the Uredineae, results 
(Fig. 434). This struoture, which is also spoken ot as a puomyoslium, now 
abstricts from the side of each cell a basidiospore (sometimes termed a 
SPOBIDIUM) ; in this process ike nucleus does not itself pass ft'om the basidium 
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into the spore, hut divides, and a daughter-nucleus enters the spore (Fig. 434 B). 
Under favourable nutritive conditions it is therefore possible for further basidio- 
spores to be abstricted. The basidiospore may grow into a filamentous mycelium, 
but more frequently forms chains of yeast-like cells (Fig. 436). Mycelia or the 
isolated cells of the chains, when of different sex, then conjugate with one another. 
The basidiospores themselves may unite, or an association of the sexually different 
nuclei of the basidium may take place (Fig. 437 B), or two basidia may be united 
by a conjugation tube (Fig. 437 U). 

In the Tilletiaceae transverse walls are not i>resent in the basidium. The 
elongated basidiospores are borne, to the number of four or eight, at the summit 
of the basidium (Fig. 438^) and conjugate in pairs while still attached. Either 
they are shed thus connected in pairs {Tilleiia tritici, Fig. 438 i?) and germinate to 
form a mycelium with paired nuclei ; or the growth of tlie dikaryont takes place 
without separation of the spores from the basidium (Urocystitt violate Fig. 438) so 




Pro. 488. — Tilletia tritici. The basidium developed from tlie brand-spore bearing at the end 
four x>air8 of spores fc (x 300). JB, The dispersion of the spores which have fused in pairs 
(x 260). (After Brefxld.) UrocystU vulgaret C, Brand -sjiores witli the four basidiospore nuclei, 
D, basidium with three uninucleate basidiospores at its tip. E, Conjugation of two basidio* 
spores. Ft Growth of the mycelium with paired nuclei. (After Kniep, from Gaumank. x 460.) 

that the mycelium with paired nuclei seems to arise directly from the brand -spore 
(Fig 438 In Tilleiia tritici the dikaryotic stage can reproduce by means of 
conidia. 

One of the most remarkable structural changes induced by disease-producing 
fungi results from the presence of Uetilago violacea in the female flowers of species 
of Melandryum ; in these stamens develop, the anthers being filled with brand- 
spores in place of i>oUen. 

The smut-diseases of cereals are of great agricultural importance. Ustilago 
zeae produces absoess-like swellings, filled with brand'spores, on the stems, leaves 
and infiorescenoes of the maize. Ustilago av&mct U. hordei and U tritici 
fill the ovaries of Oats, Barley, and Wheat with a dusty mass of brand-spores. 
Species of TiUetia form compact masses of spores, with a smell of herrings, in the 
grains of Wheat (and occasionally also in those of Bye and Barley ; the so-called 
STiNK-BRARD. Since one affected grain of Wheat contains fonr to twelve million 
spores, which on threshing are dusted over the seed, the disease is readDy spread 
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to many seedlings of the next sowing. As a result there is often a loss of 20 per 
cent and sometimes of 60 per cent of the harvest. The smut-diseases are success- 
fully treated by a short immersion of the seed in poisonous solutions of salts of 
mercury, etc., by which the brand-spores are killed. 


Survey of the Basidiomyeetes. — The Basidiomycetes exhibit clear 
phylogenetic connections with the Ascomycetes. 

As in the latter group the fusion of the sexual cells (plasmogamy) 
is separated from the fusion of the sexual nuclei (karyogamy) by the 
characteristic stage with paired nuclei (dikaryont). The formation 
of CLAMP-CONNECTIONS on the mycelium with paired nuclei in the 
Basidiomycetes is homologous with the HOOK-FORMATION of the 
Ascomycetes. In the latter this is limited to the terminal cells of the 
ascogenous hyphae (in rare cases it takes place in other cells) while in 
the Basidiomycetes clamp-connections appear at all the divisions. 
In both groups the fusion of the paired nuclei only occurs in the 
terminal cells of the dikaryont, and is followed immediately by the 
REDUCTION-DIVISION and the formation of the haploid ascospores and 
BASIDIOSPORES respectively. The basidium is therefore homologous 
with the Ascus and only differs by the exogenous production of the 
spores. 

The absence of sexual organs in the Basidiomycetes, in contrast to their 
occurrence in Ascomycetes, does not prevent the assumption of a relationship, for 
in many of the higher Ascomycetes tlie sexual organs are reduced. Since the 
holobasidiurn is most like the ascus the simplest Hymenomycetales are regarded 
as standing closest to the lower Ascomycetes ; the Phragmobasidiomycetes are 
regarded as derived from the Hymenoraycetes, the Ustilagineae and Uredineae in 
which fructifications are lacking being reduced terminal groups. Other views 
are, of course, possible ; if the spermatia of the Uredineae are assumed to be 
male gametes this group may form a connection with correspondingly organised 
Ascomycetes. 

Economic Uses. — Polyporus fomentarius (fungus chirurgokum). Polyporus 
officinalis Boletus laricis) gives Aoaricus alrus, agarioinum, and acidum 

AGARICINUM, 

Short Survey of the Orders of the Basidiomycetes. 

Hymenomycetales : Basidia non-septate. Fructification with hymenium exposed. 
Gasteromyeetales : Basidia non-septate. Fructification closed. 

Tremellales ; Basidia longitudinally divided. Fructification gelatinous. 
Auriculariales : Basidia transversely divided. Fructification gelatinous. 
Uredimales : Basidia transversely divided. Fructification wanting. Characteristic 
succession of spermatia, aecidiospores, uredospores, ana' teleutospores. 
UstUagiThales : Basidia transversely divided or undivided. Fructification wanting. 
Characteristic spore-form (brand-spores). 

Fungi Imperfeoti. — In the case of many fungi neither asci nor basidia, but 
only conidia, are so far known. These are therefore classed as Fungi Imperfecti, 
leaving open the question whether or not in particular cases the power of forming 
asei or basidia has become completely lost. 
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Fungi are only poorly preserved in the fossil condition. The oldest known are 
from rocks of Middle Old Red Sandstone Age. 


Class XIII 

Lichenes (Lichens) ^i, s? 91^ 

If a section is made of the thallus of any Lichen, a mixture of 
fungal hyphae and algae can always be demonstrated (Fig. 439). 
The lichen thallus is thus a consortium. 

The Algae occurring in Lichens are sometimes unicellular {e.g. Ghroococcns)^ or 
filamentous {e.g» Nostoc) Cyanophyceac. Frequently they belong to the Green 
Algae ; they are- often unicellular Protococcaceae {e.g, Cystococcus humicola)^ or 



Fi«. 439. — Cetraria islandica. Transverse section 
through tlie tliallus ; or, cortical layer of upper 
surface ; ur, of the lower surface ; vi, medullary 
layer containing the green cells of the Alga, Cyato- Fn;. 440 . — Parmelia acetabulum; grows 
coccus humicola. (x 272. After II. Sen enck.) entrees. (After Reimke.) 

may be filamentous Ulotrichales {e.g. Stiehococcus, Trenteyohlia mribrina). The 
fungi concerned are mostly Ascoiiiycetes (Discomycetes t^nd less commonly Pyreno- 
mycetes), and only in a very few cases Basidiomycetes. ^othjhe fungus and the 
alga caU) as a rule, be artificially cultivated apart from one another. 

In the simplest cases the fungus grows in the mucilaginous walls of the alga ; 
thus in Collema, which is common on soil and bark, the mycelium is present in 
the mucilage of a JVbs^oc-colony. HSuch Lichens, which are swollen when moist 
and contract to a thin layer when dry, are termed gelatinous Lichens. In other 
cases the fungal hyphae are spun around the individual filaments of the alga in a 
thin layer {e.g. in Ephehe pubesceihs) ; what is termed a filamentous thallus results 
from this. In both these types the external form of the lichen is determined by 
that of the alga. Such lichens ai-e termed homoiomerous in contrast to hetero- 
merous forms, in which the fungal and algal constituents of the Lichen appear 
stratified and the external shape is determined by the fungus. The majority of 
Lichens have this type of thallus. The internal portion of the thallus usually 
consists of loosely arranged hyphae, among which the algal oells form groups or 
a definite layer usually lying near the upper surface ; the external layers of the 
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thallus are frequently formed of a dense cortex composed of a plectenchyma 
of interwoven hyphae (Fig. 439). 

It is customary to distinguish the thi’ee following forms of heteromerous 
Lichens : — Ckustacjeous Liciikns, in which the thallus has the form of an incrusta- 
tion adhering closely to a substratum of rocks, bark, or to the soil, which the 
hyphae to a certain extent penetrate. Foliaceous Lichens (Fig. 440), whose 
flattened, leaf-like, lobed, or deeply cleft thallus is attached more loosely to the 
substratum by means of rhizoid-like hyphae (rliizines), springing either from the 
middle only or irregularly from the whole under surface. Fiiuncosic Lkjiiens 
(Figs. 441, 442) have a filamentous or ribbon-like thallus branched in a shrub-like 
manner and attached at the base. 

The growth of the thallus in Lichens is as a rule very slow. The exceptionally 
quick-growing Cctraria islandica (Fig. 445) may form several centimetres of new 
growth in a year ; usually less than a centimetre is formed. Under good condi- 



Fio, 441, — Usnea Varhata, ap, Apotliecium. 
(Nat. size. After U. ISchenck.) 



Fig. 442. — Cladonia rangife/rina. A, sterile ; 
B, with ascus-fruits .at IJie ends of the 
branches. (Nat. size. After 11. Hcuenck.) 


tions of illumination Parmdia furfuracca attains in ten years a diameter of only 
31 X 60 mm. (®**^). The fructifications do not form as a rule until the plant is some 
years old. 

Many Lichens are able to multiply in a purely vegetative manner, 
by means of loosened pieces of the thallus, which continue their 
growth and attach themselves to the substratum with new rhizines. 
The majority of the heteromerous lichens possess in the formation of 
SOREDIA another means of vegetative multiplication. In this process, 
small groups of dividing algal cells become cloc-ely entwined with 
mycelial hyphae and form small isolated bodies which, on the rupture 
of the thallus, are scattered in great numbers by the wind and give 
rise to new lichens. Frequently the soredia arise in circumscribed 
receptacles (soralia) (Figs. 443, 444). 
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The fructifications of the Lichens are produced by the fungi, not 
by the algae, which are always purely vegetative. 

In their natural habitats the lichen-fungi only develop from their spores when 
the appropriate algae are available. 

Only in a few genera (e.g. Endocarpon) are special Jsmall algal cells present in 
the fructification ; they are shed along with the spores, and are enveloped by the 
germ-tubes developed by the latter. 

The fungus and alga are symbiotically associated in the lichen 
thallus. 

The fungus derives its nourishment from the organic matter produced by the 
assimilating alga ; it can also, though rarely, send haustoria into the algal cells 
(Fig. 448), and so exhaust their contents and also live saprophytically on the 
dead algal cells. 

The alga, on the 
contrary, derives 
a definite advan- 
tage from its con- 
sortism wdth the 
fungus, receiving 
from it inorganic 
substances and 
water, and prob- 
ably organic sub- 
stances also. 


Fio, 448 , — Parmelia 

physodes, soredium. Fia. Ui.—Riwcella tinctoria, DO. Canary Islands. With marginal soralia. 

(After Nienburo.) (After Wiehnek.) 

The main advantage in this mutualistic symbiosis is probably on the side of 
the fungus. This is especially the case in those Lichens which grow on bare 
rock. 

The supply of water in Lichens is obtained by means of the alga in the case 
of gelatinous lichens. In the heteromerous forms it is the fungus which performs 
this function. As a rule this is effected by thick-walled hyphae which are readily 
wetted by water and absorb it by their swelling walls ; the cortex is composed 
of such hyphae and strands of them may also be present witliin the thallus. The 
hyphae in the neighbourhood of the algal cells, on the other hand, are not wetted 
by water, so that, even in moist weather, the access of air to the alga is not interfered 
with. Further the openings in the cortex found in some lichen thalli (so called 
breathing |)ores) which serve for ventilation are, in contrast to the general surface 
of the cortex, not wetted. This property of not being wetted results from the 
presenoe of lichen acids (^) excreted in the fonn of crystals- on the surface of the 
hyphae ; they are organic acids the origin of which depends on the chemical 
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interaction of the alga and fungus. Lichens can endure drying for months without 
injury and can also obtain water hygroscopically from moist air. 


1. Ascolichenes 


Only a few genera of Lichens have flask-shaped perithecia, the fungus be- 
longing to the Pyrenomycetes (j^ndocarpon, Verrucaria), Most genera produce, as 
the ascus-fruit of their fungus, cupular or discoid apothecia, sessile or somewhat 
sunk in the thallus and belong to the Discomycetes (Figs. 441, 445). 

One of the commonest species of fruticose lichens belonging to this group is 
Umea barhata^ the Beard Lichen, frequently occurring on trees and having large 
fringed apothecia (Fig. 441). Ramalina fraxinea^ which has a broad ribbon-shaped 
branched thallus and grows on trees, and the numerous species of lloecella (Fig. 444) 
found on the rocks of warmer coasts, have similar apothecia. Cetraria islandAc% 



Iceland Moss (Fig. 445), occupies 
an intermediate position between 
the fruticose and foliaceous 
lichens. It has a divided, 
foliaceous, but partially erect 
thallus, which is of a light bluish- 
green or brown colour, whitish 
on the under side, and boars 



Fio. A46.—Cladonia cocci/era. 


FiGi 445.— Cetraria idandica. ap, Aiiothecium. 
(Nat. size.) Official. 


t, Scales of primary 
thallus. (Nat. size.) 


the apothecia on its margin. This Lichen is found in mountainous regions 
and in the northern part of the Northern Hemisphere. The numerous species of 
Parmelia (Fig. 440) are foliaceous lichens growing on trees and on rocks. Graphis 
scripta is a well-known example of the crustaceous Lichens ; its greyish-white 
thallus occurs on the bark of trees, particularly of the Beech, on the surface of 
which the apothecia are disposed as narrow, black furrows resembling wTiting. 

A peculiar mode of development is exhibited by the genus Cladonia, the primary 
thallus of which consists of small horizontal scales attached directly to the ground ; 
from this thallus springs an erect portion, the todetium, of varying form and 
structure in the different species. In some cases the po^etia are stalked and 
funnel-shaped, bearing on the margin or on outgrowths from it knob-like apothecia, 
which in C. pyxidata are brown, in 0. coedfera (Fig. 446) bright red. In other 
species the erect podetia are slender and cylindrical, simple or forked , in , ran^ 
ferina^ Reindeer Moss, which has a world-wide distribution, particularly m the 
tundras of the North, the podetia are finely branched (Fig. 480), and bear the small 
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brown apothecia at the ends of the branches. The primary thallus of this species 
soon disa])pears. 

The sexual organs of the Ascolichens have been dealt with on p. 449. 


2. Basldioliehenes (Hymenoliehenes) 

The Hyinenolichones are represented by Corapavonia, of which the genera Dictyo- 
nema and Laxulatm are only special growth -forms. This lichen is widely spread 
in the tropics, growing on the soil or on trees. The fungus of this lichen belongs 
to the family Thelephoreae ; its flat, lobed, and often imbricated fructifications are 
also found entirely devoid of algae. In symbiosis with the unicellular alga 
Chroococcm it forms the fructifications of Cora pavonia (Fig. 447), resembling those 
of the Thele})horas with a channelled, basidial hymenium on the under side. 



Fki. 447 . — Cora pavonia. yl, Viwwed from above ; 
B, from below ; hym, hymenium. (Nat. size.) 


Associated symbiotically, on the 
other hand, with filaments of the 
blue-green Alga Scxjtonema^ if the 
fungus preponderates, it produces 
the bracket -like lichens of the 
Dictyonema form, found projecting 
from the branches of trees with a 
semicircular or nearly circular 



Fi(i. 448.— .4, Cladonia furcata, Hypluie 
.surround iug an ulga {Brotoco<'.cns), if, 
Lempholemma dralazamim. Briinch of 
a hyphu penotmting a cell of Nostoc. 
(After Bobnet. x 600.) 


thallus, having the hymenium on the under side. When the shajje of the thallus 
is determined by tlie Alga, a lichen of the Laudatea form occurs as felted patches 
of line filaments on the bark of trees, with the hymenium on the parts of the 
thallus which are turned away from the light. 


Official. — The only representative of the Lichens is Cetraria islandica 
(Lichen islandious). Loharia pulmoxiaria is also used in domestic medicine. 

The Manna Lichen {Lecanora esculenta) is a crustaceous Lichen living on rocks. 
The thallus falls into pieces 7-12 mm. in diameter, and is thus readily swept by 
the wind ; it is used by the Tartars, who prepare earth-bread from it. Cetraria 
islandica (Fig. 426) also, when the bitter substances are removed by washing, 
may be used to make bread as well as to prepare jelly. Cladonia rangiferina is 
important as affording food for the Reindeer. Alcohol is obtained from it in 
Norway. 

Some species particularly rich in lichen-acids are used in the preparation of 
the pigments orseille and litmus ; there are in the first ‘place species of Moccella 
(especially M, Montagnei, J2. tinctoria, It, fucifonms, and iJ. phyeopsis) which are 
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Since the sexual reproduction is restricted to the fungus, it appears 

ornhntT^ treated as a^distinef dass 

of plants. In favour of this procedure is the fact that the lichen-fungi 

as a Mile are only able to grow under natural conditions when they 
have the appropriate algae at their disposal. Further, quite definite 
morphological characters and metabolic products appea! in the sym 



Fi<3. 44\K—Funaria hygroimtrica. A, 
r, rliizoiflH ; spore. 


Gominating ; ex. „yme. Jl, l>rot,„„™a ; A„. bu.i» ; 
(Ma^nitied. After MuLuat-THumjAu.) 


biosis of fungus and alga; features that are exhibited 
partner when grown in isolation. 


hy neither 


II. BRYOPHYTA (MOSSES AND LIVERWORTS) (h 




compnse two classes, the Hepaticae or Liver- 

Thllonwl K from the 

AOTiJ^umS charactenstic structure of their sexual organs, 

ANTHKEIDIA and ARC^GONIA, which are similar to those of the 
Pteridophyta. The Bryophyta and Pteridophyta are accordingly 
Thallophyta, referred to collectively As 

as iwsT™ life-history of a Bryophyte (Fig. 481) is briefly 
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The unicellular, haploid spore forms on germination a filamentous 
green protonema (Fig. 449) which is highly developed in some groups 
but in others only very slightly. The plants arise as lateral buds on 
the protonema and have either the form of a lobed thallus {e,g. Figs. 
460, 465, 466) or exhibit a segmentation into stem and leaves (Figs. 
468, 475); they never have roots but are attached to the substratum 




Fio. 450. -- Marchantia pnlyrnorpha. 
A, Nearly ripe antheridiuni in sec- 
tion; p, paraptiyses. JB, Spomiat(3- 
zoid. (A X 90, }i X 000. After 
Stba»bur«eb.) C, Hpennatozciil of 
Miooardia pinguis (x lOOO. After 
Show ALTER.) 



Fig. ibl.— ‘Marchantia pnlyrnorpha. A, Yoniig, B, mature 
archegoniuni ; C, fertilised archegonium, with dividing 
egg-cell, h't Neck-canal-cells; A", ventral-canal-cell; 
0, ,egg-cell ; ^>r, pseudo-perianth. ( x 540. After Stras- 

BURGER.) 


by rhizoids. The sexual organs, antheridia, and archegonia arise on 
the plant of the Moss or Liverwort. 

The ANTHERIDIA ®^) (Fig. 450) are spherical or club-shaped 
structures borne on multicellular stalks. The wall consists of one 
layer of cells, and encloses a large number of small, cubical, sperma- 
tozoid mother-cells. The antheridia open at the tip and liberate 
numerous spermatozoids ; these have the form of short spirally- 
wound filaments, which mainly consist of the nucleus, and bear two 
long, delicate cilia close to the anterior end (Fig, 450). 

The ARCHEGONIA (Pig. 451) (^*) are short-stalked, flask-shaped 
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Fkj 4fi2 ~A, Hummit of the empty antlu iidiuuj of rolyirvhum 
out 111 half and showing the dehiscence cap. (Aftei Goebel ) 
/J, Opened neck of the archegoninm of Mnium uniiulatum. 
(After Zii-LiNKKi ) 


organs in which a venter and neck can be distinguished. The wall 
of the ventral portion encloses a large central cell, which divides 
shortly before maturity 
to give rise to the egg- 
cell and the ventral- 
canal - cell. The latter 
is situated at the base 
of the neck, just below 
a central row of neck- 
canal-cells. The neck 
opens by the swelling 
of the mucilaginous 
contents of the upper- 
most cells which rupture 
the cuticle and often 
become rolled back as 
four lobes (Fig. 452 B) 

(95a) The canal-cells 
become mucilaginous. Since water is essential for the process of 
fertilisation, this only takes place in land-forms after wetting by 

rain or dew. The movement of the 
spermatozoids towards the archegonia, 
and down the neck-canal to the egg- 
cell is directed by particular substances 
diffusing from the archogonium. 

Antheridia and archegonia are homologous 
organs, as is shown by the occui fence of 
structures of intermediate nature ; the ventral- 
canal-cell and neck - canal - cells are to be 
regarded as gametes which have become 
functionless. The ventral canal-cell is as a 
rule smaller than the egg ; occasionally several 
egg-cells may be developed in an archogonial 
venter. 

On fertilisation (Fig. 453) the 
egg-cell becomes the diploid zygote, 
Fio. 453 .— Fcibbronuina A, spor- which, without any resting period, 
mato7oid (S) in the egg-cell B, enter- (develops directly into the embryo 
ing the nucleus, (x 1060. After ^ i i • .r v • 

sbowaltek.) enclosed in the archegonmm. 

The basal portion of the embryo 
(foot) penetrates the tissue beneath the archegonium, but' the 
main growth is towards the summit of the archegonium. This 
upper portion of the sporogonium forms a stalked, spherical or oval 
capsule (Fig. 481) in which numerous spores are produced. Since 
the neck-canal is too narrow to be penetrated by the growing embryo, 
and the wall of the venter can only keep pace with the growth of 

21 
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the embryo for a time, the archegonial 



Fi(-. 464.— I)ev»*loi)niont of tlu*anUu'ri(lmni in Fegatella conica, 
one of the Marcliantiacme. A, Unicellular stage. Ji, The 
.stalk-cell (st) cut off, 0, D, Antliendium divided into a 
row of cells which in turn are divided by longitudinal 
walls. E, Cutting off of the layer of cells to torin the wall 
(w). F, Advanced stage of development. (A-E x 400; 
F X 220. After Boi-letbr.) 


wall ultimately becomes 
ruptured, as a rule, in 
its ventral portion (Fig. 
481). When this is 
the case, the upper part 
of the archegonium is 
carried up by the 
capsule as a more or 
less definite cap (caly?- 
tra), while its lower 
part remains as a sheath 
around the stalk of 
the sporogonium (Figs. 
471 C\ 472, 473). 

The spores arise in 
groups of four (tet- 
rads) from the inner 
tissue of the capsule 
which is termed the 
ARCHKSPORIUM. This 


results by two successive cell-divisions of the spore-moth er-colls which 


have separated from one another 
and rounded off ; in these divisions 
reduction in number of the chromo- 
somes and sex-determination is 
effected. The wall of the spore has 
two layers, consisting of a delicate 
inner endospore and a cutinised 
exospore; the latter is ruptured 
on germination. The spores give 
rise, according to the species, to 
monoecious or dioecious plants. 

The Bryophyta are charactori.sed by 
a great power of regeneration from cut 
portions of all the organs. Vegetative 
reproduction by means of gemmae, etc., is 
widespread ; they arise on the thallus, on 



stems, on leaves, and on the protonema Fi«, 466.- Development of the antheridium of 


in a great variety of ways, becoming 
separated later 

The Bryophyta include two 
well-marked classes ; the Liverworts 
(Hepaticae) and the Mosses (Musci). 
These are distinguished, in addition 


a Moss. FunarUi hygrometrica. A, Primor* 
dium of an antheridium divided into four 
cells. B, Formation of the apical cell from 
the uppermost coll. (7, Division of the apical 
cell. Z), The separation of the wall-layer and 
the cells that will give rise to the spermato- 
gonous tissue. Same stage in transverse 
section. F, Ohier stage, (After D. Campbsli.) 


to characters of the vegetative plant-body, by the mode of develop- 
ment of the sexual organs and of the sporogonium. 
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The antheridia and archegonia always develop from superficial cells. 

Ill the Liverworts the main features of the development of the antheridium 
are as follows : A su)>erficial cell divides transversely into disc-shaped segments, 
and each of the latter is divided 
by walls standing at right angles x — v 
to one another into four cells. ( \ / ] 

In these quadrants tangential V 1 i 7 

walls separate the peripheral L J** 

cells forming the antheridial wall ^ 
from inner cells which go to 



form the spermatogenous tissue 
(Fig. 454 J-F). 

In the Mosses on the other 
hand, after preliminary trans- 
verse divisions a two-sided initial 
cell is defined by two oblique 
walls in the ui»])ermost segment ; 


Fid. 466.— I)evolo]>mont of tlie archoKOiiinmof a Liverwort. 
A (longitudinal section) aiul fl (transverso section), 
showing the upper coll divided by three walls. C, The 
central cell <livided into cai>-eell(<f)and internal cell (i). 
i), The internal cell divided into the cells which will give 
rise to the nock-canal-cells ( 6 A-), and the ovum and 
ventral-canal-cells (r) respectively ; st, young stalk. 
(After CioBBKi .) 


this cuts oil' two rows of segment - 


cells in which the separation colls of the wall-cells from inner cells, giving rise to 
spermatogenous tissue, follows (Fig. 465 A-F). 

The opening of tlio antheridia takes place at their tips ; in Liverworts by all 



the cells of the wall becoming 
mucilaginous and swelling, in the 
Mosses by means of a special cap 
of cells, the mucilaginous contents 
of which swell and rupture the 
cuticle (Fig. 452 A), 

TJje spenuatozoids (Fig. 450, J?, 
C) react chemotactically, in the 
case of the Liverworts, to proteid 
substances, etc., and in the Mosses 
to solutions of cane sugar (**^}. 

DBVlCLOrMENT OF THIS ArOHE- 
OONIA. In Liverworts a superficial 
cell divides into a lower cell, which 
forms the stalk, and an upper cell. 
In the latter three longitudinal 
walls separate three outer cells 
from a median cell ; the latter is 


Pio. 457 .— Development of the sporogoiilum of Corsinia then divided by a transverse wall 
marchantioideSf one of the Marchantiaceae. ^4, Tlie 3 ^ cap-cell and an inner cell, 

zygotodivld*! into 16 ecus. B, The lower hnlf of the ^ 


embryo developing as foot, the Upper as cfipsule ; w, „ o , , , 

wall -cells ; ar, archesporium. (x 170.) C, Older wall of the neck and venter of the 
aporogonium. The archesporium has given rise to archegonium ; from the inner cell 
sporo-mother-cells and small sterile cells which in derived the neck -canal -cells 
Corsirnado^notdevelopmrtherlntoel^^^^^ (x 90.) (4 ^r 8), th- ventral-canal-cell and 
( er . EVER. egg*«cell (Fig. 466). 

In the Mosses, on the other hand, a two-sided initial cell is established, the 
segments of which go to form the stalk. The terminal two-sided cell then divides 
by three oblique walls and one transverse wall to give rise to three peripheral 
wall -cells, a three-sided terminal cell with a transverse lower wall, and below 
the latter a centrally placed cell. This central cell gives rise to the egg, the 
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Fio. 458. — De\ elopraent of the sporogonium of the Moss, Funu) la h y(fromet> tea A, 7i, Longitudinal 
sections showing first stages lu the development from the /jgole s, .ipieal cell ( Transverse 
sections: C, division into emiotheemm (e) and amplnthecium (a), D, lint her divided stage; 
Kt older sporogonium, in the endothecmni of which the oiiUrmost layoi is distinct as the 
archesporium (ar) from the columella (c). (After Campbh i ) 


terminal cell the wall-cells of the neck and the uppermost neck canal-cells (10-30 
or more) are produced. 

In the DEVELOPMENT OF THE SPOROOONIUM (®”) in the Liverworts the zygote 

divides transversely and longi- 
tudmally into eight cells, 

radial walls into 

V *2 sixteen cells, and these then 

r V divide by periclinal walls into 

outer and inner cells (Fig. 

457). From the lower half of 
'j this embryo the foot and the 

r originate and from 

upper portion the cap- 

‘y® central cells of the 

y latter (archesporium) give 

' . ^ rise to the sporogenous tissue. 

Each cell of the archesporium 
Fio. 45fi. — Funaria hygrometrira. Transverse section ][>ecomes divided into a 
1to)»ghtl.eaichMponun>(i, «),»nd thegroiip. otBtill narrower and a broader 

connected spore - mother - cells derived from it (B, m). , , . n mi. j 

(After OoEBi^) daughter-cell. The broader 

cells, either directly or after 
further divisions, become spore-mother-cells. The narrow cells, as a rule, grow 
into hbre-like structures, with spiral thickening bands, the elaters, which, on 
the opening of the capsule, loosen and disperse the spores by their hygroscopic 
movements. 
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In the Mosses the zygote also divides transversely to begin with, forming an 
elongated embryo composed of transversely placed segments. In typical cases, 
oblique walls then form in the uppermost cell and determine a two-sided apical 
cell (Fig. 458 A, 7?), which proceeds to cut off segments to the right and left, and 
these divide further. In the segments which go to form the capsule there is 
first a longitudinal division ; in the resulting quadrants periclinal walls then 
separate outer cells (amphithecium) from inner cells (endothecium) (Fig. 458 (7, 
D). The outermost layer of cells of the endothecium becomes the archesporium 
(&^), which at once divides to give rise to spore-mother-cells; these later divide 
to give rise to four spores from each. There are no sterile cells or elaters (Fig. 
459). The inner cells of the endothecium, on the other hand, are not concerned 
with the production of spores, but form a strand of sterile tissue (the columella), 
(Figs. 458 Ey 461 E)y which serves for conduction. This is surrounded by the 
spore- sac. 

Deviations from the types described occur in the various orders and will be 
referred to, so far as is necessary, in the following account of the groups. 

Class I 

Hepatieae (Liverwopts) 93 , ec ios^ 

Most Liverworts inhabit moist situations and have a corresponding hygro- 
morphic structure. True aquatic forms are, however, only sparingly represented. 
Some delicate forms grow among Mosses. Forms which live in extremely dry 
habitats on the bark of trees, on rocks, or on the ground are relatively infrequent ; 
these have xeromorphic structure and arrangements for the storage of water. 
Among the epiphytes, those that grow on leaves in tropical forests (epiphyllous 
liverworts) are noteworthy. As a rule, the Liverworts play an inconsiderable 
part in the composition of cryptogamic plant-formations. 

In the Liverworts, the protonema is always developed merely as a short tube. 

The Hepatieae are divided, according to the structure of the sporogonium and 
the segmentation exhibited by the sexual plant, into three orders, the Antho- 
cerotales, Marchantiales, and the Juiigermanniales. . 

Order 1. Anthocerotales (^^^) 

This isolated group, including only a few forms, may be regarded as a primitive 
order of Bryophyta. The sporogonium is characterised by a more complicated 
internal construction than in the other Liverworts, in which it has undergone 
progressive simplification. 

The GAMBTOPHYTE lias the form of a lobed thallus, which is firmly anchored 
to the soil by means of rhizoids. The cells of the thallus contain, in contrast to 
those of other Bryophyta, a single large chloroplast with a pyrenoid resembling 
the chloroplasts of some Algae. On the lower surface, and less commonly on 
the upper, typical stomata with two guard-cells occur. The anthekidia arise 
singly or in groups of four, by the division of a cell lying below the epidermis 
(Fig. 461) ; they remain enclosed in cavities beneath the upper surface of the 
thallus until maturity. The origin of the antheridia thus differs from what is 
the case in all other Archegoniatae in being endogenous ; a superficial cell 
divides into an outer segment, forming the roof of the cavity '(d), and an 
inner one (a), which becomes the mother-cell of the autheridia. The cavity 
opens at maturity by mucilage-formation in the cells of the outer wall. The 
AROHBOONIA are sunk in the upper surface of the thallus ; after fertilisation they 
become covered over by a many-layered wall (maesufium) formed by the growth 
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of the adjoining tissue. This envelope is afterwards ruptured by the elongat- 
ing capsule, and forms a sheath at its base. The sporogonittm consists of a 
swollen foot and a long, pod-shaped capsule ; it has no stalk. The superficial 

cells of the foot grow out into rhizoid-like papillae. 
The capsule splits longitudinally into two valves, 
and has a central hair-like columella foimed of a 
few rows of sterile cells (Fig. 461). The columella 
docs not extend to the aj»cx of the capsule, but 
is surmounted by a narrow layer of sporogenous 
cells. Elaters also occur ; they are multicellular, 
variously shaped, and often forked. The sporo- 
gonia, unlike those of all other Hepaticae, do not 
ripen simultaneously throughout their whole 
length, but from the tips downwards, and continue 
Fio. ^00. ~~ Anthociros laevis, sp, to elongate by basal growth. The wallof the sporo- 
Sporogonium; 0 . colnmella. (Nat. possesses stomata, whiel. do not occur in 

other Liverworts ; chlorophyll is ]>rcsent in its cells. 

On the under side of the thallus, cavities filled with mucilage occur beneath 
the stomata. Nostoc filaments penetrate into these cavities, and develop into 
endophytic colonies 





Order 2. Marchantiales 

The Liverworts included in this order in many genera have a decidedly com- 
dicated structure. Marchantia polymorpha^ found growing on damp soil, may 



Fig. iQl.—Antkoceros Pearsoni, Development of the endogenous antheridium. d, Covering cells ; 

stf stalk’CellH; a, young antheridium. A', Hotothylns. Young sporogouium. Co, coliunellu; 

As, archesporium, (After D. Campbell.) 

serve as an example. It forms a flat, deeply-lobed, dichotomously-branched 
thallus, about two centimetres wide, and having an inconspicuous midrib 
(Fig. 464 A, Fig. 466 A). From the under side of the thallus spring uni- 
cellular RHizoiPS, some of which have smooth walls and serve mainly to attach 
the thallus, while others have conical thickenings projecting into the oell- 
cavity (Fig. 80) ; these peg-rhizoids are collected to form a wick-like strand below 
the ntiarib. The thallus is provided also with veni’kal scales, consisting of a 
single layer of cells. The dorsiventrality of the thallus is further shown by its 
oomplteated anatomical structure. With the naked eye it may be seen that the 
upper surface of the thallus is divided into small rhombic areas. Each area is 
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perforated by a central air-pore leading into a corresponding air-(5H amber immedi- 
ately below (Fig. 462 B). Tlie lateral walls of the air-chambers determine the 

configuration of the rhombic areas. The air-pore in the roofing wall of each 
chamber is in the form of a short canal, bounded by a wall formed of several tiers of 
cells, each tier comprising four cells. Numerous short filaments, consisting of rows 
of nearly spherical cells containing chlorophyll grains, project from the floor of the 
air-chambers and perform the functions of assimilating tissue. Chlorophyll 
grains are found also in the walls and roof of the chambers, but only in small 
numbers. The intensity of the illumination exercises a great influence on the 
formation of air-chambers ; when the illumination is very weak they may not 
occur at all. The epidermis on the under side of the thallus is formed of one layer 
of cells. The tissue below the air-chamber layer is devoid of chlorophyll, and 
consists of large parenchymatous cells, which serve as storage cells. 

Small cup-shaped outgrowths, with toothed margins, the gemmiferous receptacles 
or GEMMA -CUPS, are generally found situated on the upper surface of the thallus 



Fia. 462. — Surface view and transverse section of the thallus of Marchantia itolymorpha, A, 
shows an air-pore from above, and D, the pore in section ; e, epidermis ; cells bounding the 
air-pore ; I, air-chamber ; a, assimilation tissue; o, oil-bodies; w, water-storage tissue. (After 
Strasburobk and Koebnicke. x 240.) 

over the midribs (Fig. 464 b). These contain a number of stalked gemmae, flat 
bodies of a green colour. The gemmae arise by the protrusion and repeated 
division of a single epidermal cell (Fig, 463) ; at maturity they become detached 
from the stalk (at Fig. 463 D). They are provided with two growing points, 
one at each of the marginal constrictions, from which their further development 
into new plants proceeds. On cross-section {£) they are seen to be composed of 
several layers of cells ; some of the cells are filed with oil bodies o), while 
from other colourless cells rhizoids develop. Cells containing oil are also present 
in the mature thallus, and are of frequent occurrence in all the Hepaticae. By 
means of the abundantly-developed gemmae Mwrehawtia is enabled to multiply 
vegetatively to an enormous extent. The dorsiventrality of tlie plants developed 
from the gemmae is determined by the influence of light. 

Tlie SEXUAL ORGANS, antheridia and arohegonia, arc borne on special erect 
branches of the thallus. The reproductive branches, which are contracted below into 
a stalky expand above into a stellately branched upper portion. In this species, 
which is dioecious, the antheridia and archegonia develop on different plants. 
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The branches producing the male organs terminate in lobed discs, which bear the 
antheridia on their upper sides in flask-shaped depressions, each containing an 
ANTHERiDioM (Fig, 464 B). The depressions, into each of wliich a narrow canal 
leads, are separated from each other by tissue provided with air-chambers. The 
spermatozoids collect in a drop of water on the disc, the margin of which serves 
to retain the water. 


The female branches terminate each in a nine-rayed disc (Fig. 465 A). The upper 
surface of the disc, between the rays, becomes displaced downwards in tlie process of 
growth, and, as the archegonia are borne on those portions, they seem to arise from 
the under side of the disc. The aroiikgonia are disposed in radial rows between the 
rays, each row being surrounded by a toothed lamella or sheath (perichaetium) 
(^, Cf h). For structure of the archegonia see Fig. 451 and description. 

Fertilisation takes place during rain, tlj^i raindrops splashing the liquid on 





Fio. 468. — Ma/rchantia polymorpha. A-C, 
Successive stages in the formation of a 
gemma ; st, stalk-cell ; D, surface view ; 
if, transverse section of a gemma; 
point of attachment to stalk ; o, oil-cells ; 
r, colourless cells with granular contents, 
from which the rhizoids will develop. 
(A-Cx 275 ; i).A’x66. Alter Kny.) 


the male discs which contains the sper- 
inatozoids on to the female receptacles. 
The epidermal cells of the latter project 
as papillae and constitute a superficial 
capillary system in which the spenna- 
tozoids are conducted to the archegonia. 



Fio. 4(>4. — Marchantia polymorpha, A, A male 
plant, with antheridiophores and gcmina-cups b 
(nat. size). B, Section of young antheridiophore ; 
a, antheridia ; t, thallus ; s, ventral scales ; r, 
rhizoids. (Somewhat magnified.) 


The fertilised egg-cell gives rise to a multicellular embryo (Fig. 461 C), and 
this, by further division and progressive diflFerentiation, develops into a stalked, 
oval SPOROOONIUM. The capsule of the sporogonium is provided with a wall con- 
sisting of one layer of cells except at the apex, where it is two-layered ; the cell- walls 
have thickened bands. The capsule ruptures at the apex, the lid falling off and 
the wall splitting into a number of recurved teeth. The ripe capsule, before the 
elongation of the stalk, remains enclosed in the archegoniura wall (Fig. 466t D, 
aw), which, for a time, keeps pace in its growth with that of the capsule. As 
the stalk elongates, the archegonial wall or calyptra is broken through and 
remains beliind, as a sheath, at the base of the sporogonium (E, c). The capsule 
is surrounded also by the pseudo-perianth, an open sac-like envelope which 
grows, before fertilisation, out of the short stalk of the arohegonium (Fig. 461 
0, pr ; Fig. 466 D,>^E, p). The capsule contains spores (some 300,000) and elaters 
(Fig. 465 F, Q), 
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Marchantia was formerly used in the treatment of diseases of the liver ; this 
fact explains the origin of the name Liverwort. 

The Riociaceae exhibit a simplification of the sporogonium and connect 



Pio. 466,— Marc/iauti(xpoIi^morj)Aa. A, A female plant, with four archegoniopliores of different agesj 
b, gemma-cups (nat. size). B, Under side of receptacle ; at, rays ; h, sheath ; ap, sporogonium 
( X 8). C, Half of a receptacle, divided longitudinally ( x 5). D, Longitudinal section of a young 
sporogorium; apf, the foot; sporogenous tissue; Icw^ wall of capsule; aw, wall, and h, 
neck, ol archegonlum ; p, pseudo-perianth (x70). E, Ruptured aiwrogonlinn ; k, capsule; a, 
spores lud elaters ; p, pseudo-perianth ; c, archegonial wall ( x 10>. F, An elater. fr. Ripe 
spores (x816). H, Germinating spore (s) ; vfc, germ-tube ; k, genn-disc, with the apical cell v 
and rhizold rh(x 100). (C, E after Bischoff ; R, 2>, F-H after Kny.) 

on as reduced forms to the more simply constructed Marchantiaceae. The 
diohotoniously-lobed or oleft thallus forms small rosettes, and grows on damp 
soil, or lioatlng, or submerged in water. DifiTerenoes in habit are found in relation 
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to the situation in which the plants occur (Fig. 466 i>*, C). The anthrridia and 
archegonia are sunk in the surface of the upper side of the thallus. From the 
fertilised egg-cell is develoj)ed a spherical sporogoniuni which has no stalk. 
The wall of the sporogonium consists of a single layer of cells ; it becomes 





ABC 

Fia. 466.— A, liiccia fluitana ; submerged floating form. iJ, llicvia nakim ; land-form. (Nat. 
size. B after Goebel.) C’, Itiecia natami flojtting form with long ventral soales. (After 
Bibcuoff. x:^.) 


disorganised during the ripening of the spores, wliich are eventually set free hy 
the rupture and disintegration of the venter and the surrounding cells of the 
thallus. There are no elaters, all the 
cells of the archesj/orium becoming spore- 
mother-cells. 

Order 3. Jungermanniales 

These are usually small forms which 
grow on the ground or on tree-trunks, 




Fio. 467.— BIcwia jmHlla, s, Sporogonium ; 
r, rluzoids. (x 2.) 


Fio. 40S,--PlagiochUa aspienioidefi. 
s, Sporogonium. (Nat size.) 


and in the tropics on the surface of living leaves. In the simplest forms of 
this order the thallus is broadly lobed, similar to that of Marehantia {e.g. Fellia 
epiphylla, frequently found on damp ground) ; or, like that of Miceia JluUant, 
it is narrow and ribbon-shaped, and at the same time, profusely brano'ied (e.g. 
Ketzgeriafvircata, Fig. 91). In other forms, again, the broad, deeply-lobeil thallus 
has evident midrib, and its margins, as in the case of Blatia puHlIa (Fig. 
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467), exhibit an incipient segmentation into leaf-like members. The majority of 
Jungermanniaceae, however, show a distinct segmentation into a prostrate or ascend- 
ing, dorsiventral stem and leaves (Fig. 468). Tlie latter consist of one layer of 
cells without a midrib, and are inserted with obliquely directed laminae in two 
rows on the flanks of the stem. Many genera (e,g. Frullania Tamarisci^ a 
delicately-branched Liverwort of a brownish colour occurring on rocks and tree- 
trunks) have also a ventral row of small scale-like leaves or amphigastria (Fig. 
4G9). The dorsal leaves are frequently divided into an upper and lower lobe. 
Ill species growing in dry places, like Frullania Tamarisci, the lower lobe may 
be modified into a sac, and serves as a capillary water - reservoir. The leaves 
regularly overlap each other ; they are then said to be oveushot, when the 
posterior edges of the leaves are overlapped by the anterior edges of those next 


below (Frullania^ Fig. 469), or under- 
shot, if the posterior edges of the 
leaves overlap the anterior edges of 
the leaves next below {Plagiochila, 
Fig. 468). 

The development of the anther- 
IDIUM differs somewhat from the type 
described in tlie introduction above. 



Fio. 409.— Part of a shoot of Frullania Tama- 
riscif seen from below, o, Dorsal Ieave.s 
with the lower lobes (ws) niodillotl as w^ater- 
sacs ; a, amphigastriuni. ( x 85.) 



Pia. 47f).—HaplomUHum Hookeri, t.a, Origin of 
a new shoot ; r, rhizome ; o, lower limit of 
the aerial shoot. (After Gottscue.) 


Only the uppermost of the transverse segments into which the young anther- 
idium is divided forms the body of the antheridium. This cell is first divided 
into two by a vertical wall. In each of these, two oblique longitudinal walls 
form and thus the wall of the antheridium is separated from the spermatogenous 
tissue. 

The fertilised egg first divides transversely to give rise to a row of cells ; the 
lowest of these forms a suctorial organ which is sometimes multicellular, bxit as 
a rule unicellular. The upper cells give rise to the foot and the stalked capsule. 

The SPOROQONIUM is already fully developed before it is pushed through the 
apex of the archegonial wall by the elongating delicate stalk. It has a spherical 
capsule which on rupturing splits into four valves. No columella is formed in 
the capsule ; but it always produces elaters in addition to spores. In some 
genera (Fellia, Aneura) there are special elaterbphores which consist of groups of 
sterile cells resembling the elaters. The wall of the capsule (usually two or 
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several cells thick) consists of cells with annular or band -like thickenings, or the 
walls are uniformly thickened with the exco])tion of the outermost walls. 
Dehiscence is dependent on the cohesive power of the water in these colls pulling 
the outer walls into the cavity. 

According to the position of the sexual organs and sporogonium the Junger- 
manniales are divided into groups. 1. In the Anakrogynae the apex is not 
used up in the formation of the archegonia, and tlie sporogonia are situated on 
tlie dorsal surface and are surrounded by a sheath-like outgrowth of the thallus 
forming a perichaetiurn. To this group belong the thalloid forms {Pelliay Metzyeria) 
and others showing a transition to the foliose forms (Blasia). 2. In the 
Akrogynae, on the other hand, the archegonia and the sporogoniinn stand at the 
end of the main stem, or of a branch, and are surrounded by a perianth formed of 
modified leaves. To this group belong the dorsiventral leafy forms, e.g. I^lagiochila, 
Frullania^ and Jungermannia, a genus with numerous speciCs. 3. The Haplo- 
mitrieae hold an isolated position, but appear to exliibit the closest connection with 
the Anakrogynae. This order contains only two genera, Calohryumy occurring 
in the tropics, and llapl omit Hum, The single species of tlie latter genus, H. 
Hookeri (Fig. 470), occurs in Europe, and possibly is a survival of pre-glacial 
Liverw’orts. The Calobryaceae differ from all other Liverworts in the radial con- 
struction of their shoot, wliich bears three rows of leaves. The sexual organs form 
terminal groups in Calohryum ; in Haplomitrium they occur between the upper 
leaves. 


Class II 

Musci (Mosses) h)4-in) 

The Mosses include a large number of forms distributed in all jmrts of the 
world. They grow on dry soil, in swamps, on rocks, on tree- trunks and in 
tropical forests, also as epiphytes on the branches, and less commonly in water ; 
their structure is correspondingly various. Close tufts or masses are especially 
characteristic of dry habitats, while the typical inhabitants of the soil of woods 
have a looser mode of growth. In the moist mountain forests of the tropics and 
sub-tropics Mosses often grow in considerable masses surrounding the branches or 
hanging in long veil-like masses from them (i®®). The Bog-Mosses form extensive 
growths on moors, as also do others (especially Polytrichum) on the moist soil in 
the arctic moss-tundras. 

The profusely-branched protonema of the Mosses appears to the 
naked eye as a felted growth of fine, green filaments (Fig. 449). 
Branched filaments without chlorophyll extend into the soil, and in 
these rhizoids the oblique position of the cell-walls is characteristic. 
The young moss-plants are developed on the protonema as small 
buds, which arise as protrusions of cells of the filament, usually from 
the basal cell of one of the branches. The protrusion is cut off by a 
transverse septum, and, after the separation of one or two stalk-cells, 
the three-sided pyramidal apical cell of the moss-plant is delimited 
in the enlarged terminal cell The moss-plants are always 

differentiated into stem and leaf. The Mosses may be readily dis- 
tinguished from the foliose Jungermanniaceae by the spiral arrange- 
ment of their small leaves, which are rarely arranged in two rows. 
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In Mosses which have prostrate stems, the leaves, although arranged 
spirally, frequently assume a somewhat outspread position, and all 
face one way, so that in such cases a distinction between an upper 
and a lower side is manifested, but in a manner different from that 
of the Liverworts. 

The SEXUAL ORGANS are always borne in groups at the apices 
either of the main axes or of small, lateral branches, surrounded by the 



Pki. All. —Sphagnum Jimhriotum.: J, A shoot with four rii>e sporogoiiia. Sphagnum »juarrosurn : 
/?, A lateral shoot with a terminal sporogoniuni ; ca, ruptured calyptra ; d, operculum. 
Sphagnum acntifolium : C, a young sporogouium in longitudinal section ; ps, pseudopodium ; 
ca, archegonial wall or calyptra ; ah, neck of archegoniuin ; spf, foot of si)orogoniuin ; k, 
capsule ; co, columella ; spo, spore-sac witli si)oreB. and V after W. P. Schimi’er ; A, nat. 
size ; the other figures magnified.) 


upper leaves of the latter, which frequently have a distinctive structure, 
and are known as the perichaetium (Fig. 475). Between the sexual 
organs there are usually present a number of multicellular hairs or 
paraphyses, the terminal cells of which are often enlarged and 
spherical. The moss-plants may be monoecious, in which case both 
kinds of sexual organs are borne on the same plant either in the same 
or different receptacles ; or dioecious, and then the antheridia and arche- 
gonia arise on different plants. In some dioecious Mosses the male 
plants are very small dwarf-plants, which, after forming a few small 
leaves, proceed to produce antheridia 
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The arohegonia and antheridia of Mosses differ in their development from those 
of other Archegoniatae by being formed by the segmentation of an apical cell, 
which in the case of the antheridia is t^No- 
sided, and in that of the archegonia, three- 
sided. 


After fertilisation the lower portion 
of the embryo which serves as an 
absorbent organ or foot penetrates the 
proliferating tissue of the stalk of the 
archegonium or even into the tissue of 
the upper portion of tlie stem. 

The SPOROGONIUM of the Mosses 
develops a capsule with an axial (COLU- 
MELLA consisting of sterile tissue (Fig. 
477). The spore-sac surrounds the 
columella, which conducts and accuinu- 




Fig. MZ.—Vulytnchum commit ne. rh, Rhi- 
Fia, 4*f2.’~~Andreaea pdrophila. ps, Pseudopodiuin ; zoid.s ; u, sola ; c, calyptra ; ap, apophysis ; 
Sp/, foot; k, capsule; c, calyjjtra. (x 12.) d, operculum. (Nat. size.) 


lates food-material and water for the developing spores. Elaters are 
never formed. In the young sporogonium outside the spore-sac a well- 
developed assimilating tissue is present; this is bounded by water- 
storage tissue and an epidermis. In most Mosses stomata are found on 
the lower part of the capsule. The ripe capsule exhibits a variety of 
peculiar structures to facilitate the opening and the distribution of the 
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spores. The stalk or SKTA raises the capsules so that the spores are 
readily dispersed by wind. The remains of the archegonial wall are 
carried up on the capsule as the well-developed calyptra. Distinctive 
variations in the mode of development and structure of the capsules 
are exhibited by the three orders of the Musci : Sphagnales, Andreaeales, 
and Bryales, 

Order 1. Sphagnales (^'®) 

The Sphagnaceae, or Bog Mosses, are the only family and include only a single 
genus, Sphagnunif containing many species. The Bog Mosses grow in swampy places, 
and fonn largo tussocks saturated with water. The upper extremities of the stems 
continue their growth from year to year, while the lower portions die away and 
become eventually converted into peat. Tlie jjrotoiiema which is developed from 
the spore is not lilamentous, but forms a small, lobed, Hat, thalloid structure. 

The stems are pro- 
fusely branched. Of the 
numerous lateral branches 
arising from each of the 
shoots, some grow up- 
wards and form the apical 
tufts or heads at the 
summits of the stems ; 
others, which are more 
elongated and flagellifonn 
in sha]>e, turn downwards 
and envelop the lower 
portions of the stem T 

(Fig. 471^). K very year \ 

one branch below the I 
apex develops as strongly 
as the mother-shoot, so 4 ^ 

that the stem becomes Fki. A^i.—Schvttotttega osmumJacea, A, Hterile ; i?, fertile plant, 
falsely bifurcated. By the (x 6.) C, Protonema. (xiM). ArterNoLL.) 

gradual death of the stem 

from below upwards the daughter-shoots become separated from it, and form 
independent plants. The cortex of the stem consists of three or four layers of 
empty cells with perforations in their walls which have annular or spiral thicken- 
ings; these cells absorb water readily. Similar cells are present in the leaves, 
■where they occupy the meshes of a network of elongated living cells with chloro- 
plasts ; the two kinds of cells make up the one-layered leaf. This peculiar 
capillary apparatus is of use in the absorption of water. 

Special branches of the tufted heads are distinguishable by their different 
structure and colour ; on these the sexual organs are produced. The male branches 
give rise, beside the leaves, to spherical stalked antheridia. The archegonia are 
borne at the tips of the female branches. In contrast to other Mosses, and in 
agreement with Liverworts, they do not grow by means of an apical cell cutting off 
three rows of segments. The sporogonium develops a short stalk with an ex- 
panded foot (If, 0)f but remain for a time enclosed by the archegonial wall or 
calyptra. The archosporium does not arise from the endothecium but from the 
innermost layer of the amphithecium. Upon the rupture of the archegonium, the 
calyptra persists as in the Hepaticae, at the base 6f the sporogonium. The 
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capsule is spherical and has a dome-shaped columella, w.hich in turn is overarched 
by a hemispherical spore-sac {spo) ; this is possibly an indication of affinity with 
the Anthocero tales. It opens by the removal of an operculum. The ripe sporo- 
goriiura is borne upon a prolongation of the stem-axis, the pseudopodium, whicdi 
is expanded at the top to receive the foot. The pseudoiKxlium develops after the 
fertilisation of the arcbegonium. 


Order 2. Andreaeales 

Tlie Andreaeales comprise only the one genus, Andreacxi^ small, brownish, 
caespitose Mosses growing on rocks. The sporogonium is also terminal in this 



shoots are plagiotropous. (After Goehel.) 476.-ScIcr(^0(iium pwntm. (Nat. size.) 

order. The capsule, at first provided with a calyptra, splits into four longitudinal 
valves (schizocarpous), which remain united at the base and apex (Fig. 472). 
The stalk is short, and is expanded at the base into a foot (^Sp/), which in turn is 
borne, as in Sphagnum^ on a pseudopodium {ps). The protonema is to begin with, 
a small group of cells, and as it develops becomes ribbon-shaped. 


Order 8. Bryales 

In this order, which includes the great majority of all the true Mosses, the 
moss-capsule attains its most complicated structure. The ripe sporogonium, 
developed from the fertilised egg, consists of a long stalk, the seta (Fig. 478 a), 
with a FOOT at its base, sunk in the tissue of the mother- plant, and of a 
CAPSULE, which in its young stages is surmounted' by a hood or calyptra. 
The calyptra is thrown off before the spores are ripe. It consists of one or two 
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layers of elongated cells, and originally formed part of the wall of the archegoninm ; 
this, at first, enclosed tlie embryo, growing in size as it grew, until, finally 
ruptured by the elongation of the seta, it was carried up as a cap, covering the 
capsule. It consists of several layers of cells and, especially in forms which occupy 
dry habitats, bears hairs that correspond to protonemal threads of limited growth. 
In some Mosses {e,g, Funaria) the young calyptra is distended and serves as a 
reservoir of water for the young sporogonium The upper part of the seta, 

where it joins the capsule, is termed the apophysis. In Mnkim (Fig. 479 Ay ap) 
it is scarcely distinguishable, but in Polytrichum commune it has the form of a 
swollen ring-like protuberance (Fig. 473 ap), while in 8]:>ecies of Splachnum it dilates 
into a large collar-like structure of a yellow or red colour. In the latter genus, 
flies, attracted by the bright colour of the apophysis and by the odour, serve to 
distribute the spores The capsule is traversed throughout its length by 

the columella, around which is the spore-sac. Between the spore-sac and wall 
of the capsule comes an air-space. The upper part of the capsule becomes converted 
into a lid or operculum which is sometimes drawui out into a projecting tip. At 
the margin of the operculum a narrow zone of epidermal cells termed the ring 
or ANNULUS becomes specially differentiated. The cells of the annulus contain 
mucilage, and by their expansion at maturity assist in throwing off the lid. 
In most Mosses the mouth of the dehisced capsule bears a fringe, the peristome, 
consisting usually of tooth-like appendages, but in others this is wanting. 

The peristome of hornum (Fig. 479), which will serve as an example, 

is double ; the outer peristome is formed of 16 pointed, transversely striped teeth 
inserted on the inner margin of the wall of the capsule. The inner peristome lies 
just within the outer, and consists of cilia-like appendages, which are ribbed on 
the inner side and thus appear transversely striped ; they coalesce at their base into 
a continuous membrane. Two cilia of the inner peristome are always situated 
between each two teeth of the outer row. The teeth and cilia of the peristome 
are formed in this instance of thickened portions of the opposite walls of a single 
layer of cells next to the operculum (Fig. 478), the teeth from portions of the 
external wall, and the cilia from portions of the internal w'alls of the same 
layer. On the opening of the capsule the unthickened portions of thi^U'yer. 
break away and the teeth and cilia split apart. 

In the Polytrichaceae the origin of the peristome teeth follows a peculiar type ; 
they are composed of a number of elongated entire thick -walled *06118. 

The structure of the peristome varies greatly within the Bryales. By its 
peculiar form and hygroscopic movements the peristome closes the moutli of th# 
capsule in moist weather and causes a gradual dissemination of the spores from 
the capsule. In some minute Mosses {Archidium, Pluiscum, Pleuridium) the 
sporogonium is considerably simplified, the formation of operculum, annulus, and 
peristome being suppressed and the spores set free by decay of the capsule. 

Schistostega oamundacea, a moss living in caves, has fertile shoots, which have 
spirally-arranged leaves and bear stalked capsules devoid of peristomes, and also 
other shoots that are sterile, with two rows of leaves (Fig. 474). The protonema 
of this species has peculiarly constructed spherical cells, and gives out an emerald 
phosphorescent light owing to the rays of light passing through the chloroplasts 
before being reflected back. 

Polytriehum commune and other related Mosses have a peculiar construction 
of their leaves which is an adaptation for the absorption of water and a protection 
against drought. The leaves, which are a number of layers thick, bear on their 
upper surface numerous, longitudinally-running, parallel lamellae ; these consist of 
one layer of cells containing chlorophyll and form the assimilatory tissue of the leafi 

9 IT 
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In the spaces between the lamellae, water is conducted and retained. In dry 
weather the leaf rolls up by means of a cohesion mechanism and is closely applied 
to the stem ; in this ww the delicate lamellae are protected from excessive 
transpiration " 

There are other protective arrangements against drying up, but many Mosses 
can endure dryness without sulfering liarm. 

The most important generic distinctions are afforded by the form of the 



Fio. 477.— Afnmm hortuivn.. Median Umgi- 
tudinal section of a half-ripe sporogonium. 
0 , Operculum ; p, periatoine; on., annulus; 
c, columella ; s, spore-sac containing the 
spores ; i, air-space ; ap, ayjopliysis ; st 
stomata, (x 18. After Strasburoer.) 



Fio. A7S.—Mniu'm,h(trnum, Transverse section 
through the wall of the capsule iu the region 
of the ring, o, Cells of the ring ; J-4, suc- 
cessive cell layers with the thickened masses 
of the peristome ; d', d", d"', transverse pro- 
jecting ribs ; c, the coalesced cilia. ( x 240. 
After Strasburoer.) 


capsule, the characters of the peristome, the operculum, and the calyptra. The. 
earlier division of the Bryales into two large sub-groups, the Acrocarpi (with the 
archegonium, and consequently the sporogonium, at the end of the main stem), 
and the Pleurocarpi (with archegonia and sporogonium on short lateral branches), 
is now abandoned as unnatural. In place of it the ontogeny of the peristome is 
used to divide the Bryales into three groups. 

As examples of common mosses may be mentioned Mnium undulatum (Fig. 
475) and Jf. hornum^ Funaria hygrometrica^ PolytHchum commune (Fig. 473), 
and members of the Families Neckeraceae and Hypnaceae. Fontinalis arUipyretica 
OCCUSI8 submerged in streams. 


DIV. I 


BRYOPHYTA 


499 


Survey of the Bryophyta 

The life -history of the Bryophytes is characterised by a clear 
ALTEHNATrOiV OF GKNEJiATroNs. The OAMETOPHYTK is the haploid 
plant (including the protonema), and bears the sexual organs — anther- 
idia and archegonia. From the fertilised egg-cell the diploid SPORO- 
pifYTK develops and this stage ends with the asexual spores, in the 
formation of which the reduction-division occurs. The asexual 
generation does not become an independently living plant, but 
remains throughout its life attached to the gametophyte and 
nourished by it (Fig. 481). 

The alternation of generations is not necessarily connected with the alternation 
in the nuclear phases ; this has already been seen from certain facts to be the 

ap ^ B 


Fia. 470. —Myiium hornum. A, Capsule with upper jiortion of seta ; ap, apophysis ; p, peristome ; 
(If the 8t?i)araterl operculum, il, Three teeth of the outer peristome seen from the outside ; an, 
annulus. C, Inner peristome seen from the inside; w, broader cilia; h, narrower cilia, 
(-1 X 4 ; P, C X 60.) 

case in the Algae. In the Mosses cut-up setae can be induced to exhibit regenera- 
tion ; the pieces do not, however, form a new sporogoiiimn, but grow out to form 
a gametophyte which, like the sporophyte, is diploid. Fertilisation of the 
diploid egg-cells of such gametophytes, by their diploid spermatozoids, lesults 
in tetraploid sporogonia. The study of these has enabled investigators, especially 
F. von W ETTSTEiN, to draw important and interesting conclusions. 

There are difficulties in deriving the Bryophyta phylogenetically 
from any particular group of Algae. No intermediate forms are 
known between the Bryophyta on the one hand and the higher Green 
Algae and the Characeae on the other. 

It seems possible that the antheridia of Bryophyta may have' been derived 
from multicellular gametangia (^) similar to those that occur in the Brown Algae. 
It is, however, improbable that the green Bryophyta have originated from the 
brown Phaeophyceae. The origin of the Archegoniatae is thus still enveloped in 
complete darkness. 





Fto. 481,-~Diagrammatic representation of the development of a MOes. I. Spore and protonema • 
n. gametophyte, fertilisation and development of the sporophyte ; III. mature sporophyte • 
IV. g|»ore.formatlon in the eapsule. haploid (thin lines), 2x diploid (thick lines) * 
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With the exception of a few forms which have assumed an aquatic life, the 
Bryoph)^ta are laud- plants, and this is confirmed by the features of their habit. 
Besides primitive forms with a lobed creeping thallus there are many that have 
an erect stem bearing leaves, a construction that makes better use of the space 
and light available. Even the thalloid forms exhibit differentiation into assimi- 
latory and storage tissues and some have stomata, serving for gaseous exchanges. 
In correspondence with the terrestrial life all the subaerial parts of Bryophyta are 
covered vvitli a cuticle. In some species, externally differentiated into stem and 
leaves, conduction of materials in the plant is effected by a very simple conducting 
bundle com])Osed of elongated living and dead cells, but containing neither true 
vessels nor sieve-tubes. Since true roots are also completely wanting, and only 
rhizoidsare present, the Bryojdiyta, in spite of their high external differentiation in 
some respects, are not corrnophy tes, but thallus-plants. Their relatively small size 
(the largest Moss, Dawsonia, from New Zealand, is fifty centimetres high), is 
connected with the above noted features ; the difficulties of providing a supply of 
water in large land-plants require a much more complicated structure than is 
found in large aquatic plants. 

The two Classes of Bryophyta may bo briefly characterised : 

1. Hepaticae, Liverworts. Sexual generation with a poorly developed protonema, 
wliich is usually not sharply marked off from the thallus. The latter is either flattened 
and dichotomous, or is segmented into a stem bearing dorsiventrally arranged 
leaves. The capsule in almost all cases contains elaters as well as spores. Only 
in one order, the Antliocerotales, is a columella differentiated in the capsule. The 
sperm atozoi (Is are chemotactically attracted by protein substances. 

Key to the Orders of Hepaticae : 

Anthoccrotahs : Thallus without leaves; sporogonium wdth columella. 

Marchantialcs : Thallus without leaves; sporogonium without columella 
opening by an annular split or with numerous teeth. 

Jungrrttiannialcs : Thallus without leaves, or leafy; sporogonium without 
columella, dehiscing by four lobes. 

2. MuBci, Mosses. The protonema of the sexual generation is usually strongly 
developed and sharply defined from the thallus, which is always segmented into 
stem and leaves. The leaves are spirally aiTanged, in many orthostichies, less 
commonly in two ranks ; the stems are thus poly- or bi-symmetrical as regards 
the arrangement of their leaves. Capsule always without elaters, but with a 
columella. The spermatozoids react to cane-sugar. The sporogonium is usually 
covered by a calyj)fra. 

Key to the Orders of Musci : 

Sphagnalpx : Protonema, a flat thalloid structure ; sporogonium spherical, 
borne on a pseudopodium ; columella overarched by the spore-sac ; 
capsule opening by an operculum. 

ArulreaeaUs: Protonema filamentous or ribbon -shaped ; sporogonium 
elongated, borne on a pseudopodium ; columella overarched by the 
spore-sac ; capsule opening by longitudinal splits. 

Bryales : Protonema filamentous ; sporogonium with a true seta ; columella 
continuing up to the operculum and surrounded by the cylindrical 
spore-sac ; capsule opening by means of operculum and peristome ; 
calyptra well-developed. 

Fossil Bryophyta.— The Liverworts are more primitive in their organisation 
than the Mosses and appear to he more ancient, since their fossil remains ate 
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occasionally met with back to the Carboniferous period, while the earliest known 
Mosses are from the Upper Cretaceous. Most fossil Bryophytes arc from the 
Tertiary rocks and closely resemble existing forms. 


III. PTERIDOPHYTA (VASCULAR CRYPTOGAMS) 112131) 

The Pteridophytes include the Ferns, Water-Ferns, Horse-tails, 
and Club Mosses, as well as a number of extinct classes, and represent 
the most highly developed Cryptogams (for a survey see p. 542). 

In the development of the plants forming this group, as in the 
Bryophyta, a distinct alternation of generations is exhibited (Fig. t530, 
p. 541). 

The SEXUAL GENERATION, which here, as in the Bryopliyta, is 
haploid, is termed the prothallium or gametophyte. It never reaches 



Fjo. 48*2. — Dryo)tteris (Aspidium) jilix mts. A, Piotlialliuni Been from below ; ar, archegonia; an,' 
antheridia ; rh, rbizoids. B, Prothallium with young fern attached to it by its foot ; h, the lirat 
leaf; w, the primary root, (x circa 8.) 

any great size, being at most a few centimetres in length ] in some forms 
it resembles in appearance a simple, thalloid Liverwort; it then 
consists of a small green thallus, attached to the soil by rhizoids 
springing from the under side (Fig. 482 ^). On the prothallia arise 
the sexual organs, antheridia (Figs. 509, 516), producing numerous, 
and usually spiral, spermatozoids, which are multiciliate or biciliate, 
and ARCHEGONIA (Figs. 510, 517), in each of which is a single egg-cell. 
As in the Mosses, the presence of water is necessary for fertilisation. 
The spermatozoids are induced to direct their motion toward the 
archegonia by the excretion from the latter of a substance which 
diffuses into the surrounding water (cf. p. 332). 

The egg-cell, after its fertilisation by a spermatozoid, develops 
into the plant of the asexual generation or sporophytk. This in 
the Pteridopbyta is quite differently conajtructed, and much more highly 
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developed, than in the Bryophyta. Resemblances to the latter are only 
found in the early stages of development. 

The fertilised egg-cell, while still in the archegonium, surrounds 
itself with a cell-wall and undergoes division, first into two cells, by 
the formation of a basal wall, and then into octants by two walls 
at right angles to each other and to the basal wall. There are 
exceptions to this. 

Further divisions of these eight cells (Fig. 483 A) lead to the 
formation of a multicellular embryo, one sector of which projects as a 
mass of tissue termed the foot (Fig. 483 /). By means of this the 
young plant remains fixed in the enlarging venter of the archegonium. 



Fio. 483.— -<4, Pteris se'n'ulata, wiibryo freed from the archegonium, in longitudinal section (after 
Kiknitz-Okui.okf) : J, basal wall; II, transverse wall dividing the egg-cell into quaiiraiits; 
rudiment of the foot/, of the stem s, of the first leaf b, of the root to. B, Section of a further- 
developed embryo of Pteridiim wjuilinum (after Hofmeister) ; /, foot still embedded in the 
enlarged venter of the arohegouiura atvi; pr, prothallium. (Magnified.) 


The foot serves as an haustorial absorbent organ in the nutrition of 
the embryo. 

The further development of the sporophyte in the Pteridophyta is 
fundamentally different from that in the Bryophytes. From distinct 
sectors of the embryo, apices are differentiated which proceed to grow 
into the root, stem, and first leaf of the young plant (Figs. 483 w, s, J, 
482 B), The prothallium usually dies after the development of the 
young plant (though if fertilisation is prevented it may continue to live 
for years) and the sporophyte becomes the independently living fern- 
plant. The three primary organs in most Pteridophyta grow by means 
of apical cells (Figs. 96, 97, 149). The stem which bears leaves 
is frequently dichotomously branched, the roots have a root-cap (Fig. 
149), their lateral roots arising endogenously; and the leaves correspond 
in structure with those of the Phanerogams. Stems, leaves, and roots 
are traversed by well-differentiated vascular bundles, which are here first 
met with in the vegetable kingdom ; the water-conducting elements 
are traoheides with scalariform thickening (Fig. 67). The bundles of 
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the great majority of Pteridophytes are as a rule constructed on the 

concentric and radial types 
(cf. pp. 95 if., Figs. 484, 
485). Secondary growth 
in thickness, resulting from 
the activity of a special 
cambium, occurs only occa- 
sionally in existing forms, 
but it was characteristic of 
the stems of certain extinct 
groups of Pteridophytes. 

The sporophyte is thus 
a true CORMUS and the 
Pteridophyta are the earliest 
members of the phylogenetic 
tree which do not belong to 
the thalloid plants. 

llie SPORES are pro- 
duced in special receptacles 
termed sporangia (Fig. 486), which occur on the asexual generation, 

r/ 


sp 


Pio. -Transverse section of stem of Lycopodium, complanatum.. ep, Eli)iclermis ; t>e, vi, pp, outer, 

inner, and innermost parts of the primary cortex, surrounding the central cylinder composed 
of xylem and phloem regions ; sc, scalariform tracheides ; sp, annular and spiral tracheides ; 
phloem, ( X 26, After Strasbukqee.) 

either on the leaves, or less frequently on the stems in the axils of 
the leaves. The leaves which bear the sporangia are termed SPOBO- 
PHYLL8. The sporophylls are frequently of simpler form than the 



e 



Fia. 484.— Transverse section of the rhizome of Ptcri- 
diuni (ujuilinum, y, Concentric vascular bundles; 
s, sclerencliymatons jdates; sp, peripheral zone of 
sclerencliymatous iibre.s; r, cortex; e, epidermis. 
(X 7.) 
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assimilatory leaves, and are associated in special shoots, which may 
be termed flowers. 

The sporangium consists of a wall enclosing the sporogenous tissue, 
the cells of which, becoming rounded oft* and separated from each other 
as spore-mother-cells, give rise each by a reduction-division to four 
tetrahedral spores (spore-tetrads). The cells of the innermost layer of 
the sporangial wall are rich in protoplasm, and constitute the 
TAPETUM. In the course of the development of the sporangium the 
tapetal cells wander in between the spore -mother -cells, their nuclei 
dividing amitotically, so that the spores 
eventually lie embedded in a mucilaginous 
protoplasmic mass, the periplasmodium, 
from which they derive nourishment 
The periplasmodium is used up in the 
formation of the walls of the spores. 

The young spore on becoming isolated 
in the tetrad surrounds itself with a 
cutinised membrane (exospore) within 
which a cellulose layer (endospore) is 
deposited. In many cases a perispore 
is deposited by the periplasmodium 
upon the exospore. 

The spores of the majority of the 
Pteridophytes are of one kind, and give 
rise on germination to a prothallium, 
which produces both antheridia and 
archegonia. In certain cases, however, 
the prothallia are dioecious. This 
separation of the sexes extends in some 
groups even to the spores, whicji, as 
MACROSPORES (megaspores), developed 
in MACROSPORANGIA (megasporangia), 
prothallia ; or as MICROSPORES, which are produced in MICRO- 
SPORANGIA, develop similarly only male prothallia. In accordance 
with this difference in the spores, a distinction may be made between 
the HOMOSPOROUS and heterosporous forms of the same group ; 
but this distinction has no systematic value in defining the different 
groups themselves, as it has arisen independently in several of them. 

A survey of the Classes of Pteridophyta is given on p. 542. 

Class I 

Psllophytinae (^^^) 

The Psilophytinae are only known as fossils from the Devonian 
rocks. They were plants of small size, and are the most primitive 
Pteridophytes known. 



Fk 5. 486. — Development of the spor- 
angium of Asplenitm, A, First divi- 
sions of the young sporangium which 
has originated from a single superficial 
cell. B, Division into the wall (tr), 
and the central archesporial cell (ar) 
which has cut off one of the tapetal 
cells (t). C, Older stage in which the 
archesporial cell has given rise to the 
tapetal cells and the sporogenous 
tissue (^). ( X SOO. After Sadebeck. ) 

give rise only to female 
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Rhynia (Fig. 487) liad no true roots but subterranean rbizoines ; there was a 
true vascular bundle in the leafless, dicliotoinously-brancbed, assimilaiory axes. 



Pig. 487.‘-A. Restoration of Rhynia nu0or, showing the rhizome bearing rhizoids, the dicho- 
tomously “branched leafless axes, and the large terminal sporangia. B. Restoratioji ot A sttroxylon 
MackUiy showing the leafless rhizomes and the branched sub-aerial stems clothed with small 
leaves. The detached leafless branch-system with small ternilnal sporangia is probably the 
fertile portion of the plant, but has not been found in connection with the leafy shoots. 
(Reduced ; after KinsioNand Lang.) 

In Asteroxylon the stems were closely covered by small leaves a few millimetres in 
length. The sporangia were terminal on the axes without any relation to leaves 
and had a wall composed of several layers of cells. They were filled with spores 




DIV. I 


PTERIDOPHYTA 


607 


formed in tetrads. In tlic case of Homm (Rhyniaceae) tlicre was a column of 
sterile tissue within the sporangiuln resembling the columella of some Mosses. 



Fig. A^%.~Lyoopodium davatam. A, Old prothallus. B, Prothalliis wiUi young plant attached. 
(7, Antheridium in vortical .section. D, Spermatozoids. E, Yoinig archogonium, the neck^ 
still closed, F, Open archegoniuin ready for fertilisation. Plant bearing cones (J nat. size). 
H, Sporophyll with an oi>ened sjxiraugiuiu. J, K, Spores from two points of view. L, A young 
subterranean sporeling still without chlorophyll ( x 7) ; /, f(X)t ; w, root ; h, scale-leaves. 
(A-F and L after Brochmat^n.) 


Class II 

Lyeopodiinae (Club-Mosses) 

Order 1. Lycopodiales (*®) 

The numerous widely-distributed species of the gen \s Lycopodium (Club 
Moss) are for the most part terrestrial plants ; in the tropics many, pendulous 
epiphytic forms also occur. In Lycopodium clavatum^ one of the commonest 
of our native species, the stem, which is thickly covered with small, awl- 
shaped leaves, creeps along the ground ; it branches dichotomously, and gives rise 
to ascending lateral branches, while &om the under side spring the dioho- 
tomously- branched roots (Fig. 488). The cones, consisting of the closely-aggregated 
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sporopliylls, are situated in groups of two or more at the ends of the forked 
erect shoots. The sporot»hylls are broader and more jn’olonged at the tip than 
the sterile leaves ; each bears a large reniform sporangium on the uj)per side at 
the base. The sporangium opens into two valves and sets free numerous minute 
spores (Fig. 4S8 //). The spores are all of one kind, and in consequence of their 



Fia. 489.—^, Germinating spore of Lycojwdium, annotmum; r, rhizoitl cell; ?), basal cell; s, 
apical cell ; sp, spore-meinbrune ( x 580). B, Older stage of the prothallus of the same species, 
showing the endophytic fungus (p) in the lower cells, and the apical cell di\'i(led into three 
meristematic cells (x 470). C, Lycopodium comphmafum. Prothallus with antlieridla (an), 
archegonia (a?*), and a young embryo (fc) ( x 26), (Aft^r Bruchmann.) 

formation in tetrads are of a tetraliedral though somewhat rounded shape. The 
exospore is covered with a reticulate thickening (Fig. 488 .7, K), 

The spores only germinate after six to seven-years, forming at the expense of 
their reserve materials a prothallus of five cells. Further development only takes 
place when fungal hyphae enter the lowest cells (Fig. 489 A, B), The 
prothallia of Lycopodium clavatum (Fig. 488 B) are small, white, tuberous 
structures, which live as subterranean saprophytes. At first top. shaped, they 
become converted by the continued marginal growth into cup-shaped lobed bodies 
which may attain a size of two centimetres. Long rhizoids spring from the lower 
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surface, while the upper surface bears numerous antheridia and archegonia. The 
endophytic fungus is confined to the peripheral tissues of older prothalli ; it 
may emerge through the specialised basal cells of the rhizoids and invest the 
latter Only after twelve to fifteen years is the prothallus sexually mature, 

so that its life may last some twenty years. In other species oi Lycopodium the 
prothalli are turnip -shaped, cylindrical or 
conical ; they always harbour an endophytic 
fungus, forming a mycorrhiza. In some 
species they project above the surface of the 
soil and are of a green colour. 

The prothallia are monoecious and bear 
the sexual organs on their upper portion. 

The antheridia are somewhat sunk in tlie 
tissue (Fig. 488 G) and enclose numerous 
apermatozoid-rnother-cells, in which small 
oval spennatozoids (Z)), with two cilia attaclied 
below the a})ex, are formed. The archegonia 
(Fig. 488 U, F) have often numerous neck- 
canal cells (up to tw’enty), but these may be 
reduced to one, as in L. cernuum. The 
upper cells of the nock become disorganised 
on opening. 

The embryo (Fig. 490) remains during 
its development enclosed in the prothallus 
into which it is forced by the suspensor 
(Fig. 490 et) w’hich develops on the side 
turned towards the archegonial neck. Be- 
neath the foot the young shoot forms ; the 
first leaves are scale-like, and from the basal 
portion of tlie shoot the first root develops. 

There are no definite apical cells. 

'fho spores of Lycopodium cldratum and 
other species are sometimes used in pharmacy. 



Fig. 490. —Development of the embryo in 
Lyropoditiw compUinahon. A, Embryo 
Nhowing tlie OiKt divisions ; the basal 
wall I separates the snspensor (ct) from 
the body of the embryo ; the transversal 
walls J/ and III (the latter being in the 
plane of the section) together with the 
transverse wall IF give rise to two tiers 
of four cells ; the tier next the shs- 
pensor gives rise to the foot, the ter- 
minal tier forms the shoot ( X 112). B, 
Embryo of nie<liurn age ; s, apex of 
stem ; b, rudinient of leaf ; /, f(X)t ( x 
112). C, Embryo short/ly before break- 
ing out of the prothallus ; hh, the two 
first leaves covering the apex of the 
stem ; ir, the first root ( x 40). (After 
Bbuchmann.) 


Order 2. Selaginellales 

To this order belongs the genus Sela(ji- 
neUa^ represented by numerous and for the 
most part tropical species. They have, as 
a rule, profusely - forked, creeping, and 
sympodially-branched stems, but occasionally 
erect, branched stems ; some form moss-like 
beds of vegetation ; others, climbing on 
adjacent plants, possess stems several 
metres long. Certain xerophytic species {S. lepidophylla in trojacal America, etc.) 
can endure drying up for months or even years, closing "igether their rosette- 
shaped shoots by a cohesion-mechanism, and expand again on'the arrival pf rain (^^). 
In general the Selaginellas are similar in habit to the Lycopodiums. They have 
small scale-like leaves which usually exhibit a dorsiventral arrangement, such as is 
shown, for example, in the alpine Selaginella helvetica (Fig. 491), the stem of 
which bears two rows of small, dorsal, or upper leaves, and opposite to them 
two rows of larger, ventral, or under leaves. (Cf. also Fig, 187.) In 
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plagiotropous forms, completely leafless lateral shoots, the rhizophouks are 
usually present. They grow towards the soil owing to positive geotropism, and 
there produce endogenous roots from their tips. The leaves of Selagiiulla are 
characterised by the presence at their base on the upper side of a small 
membranous lkjulk. This serves as an organ for the rapid absorption of 
water (rain-drops) by the leafy shoot 

The CONES or flowers (Fig. 492) are terminal, simple or branched, radially 
symmetrical, or less commonly dorsiventral. Each sporophyll subtends only one 



Fio. 491.— A, Selaginella helvetica (from 
Nature, nat. size), li, SelaginelJxi Kraus- 
aiana, embryonic plant with macro- 
spore still attached. (After Bischofk, 
magnified.) 



Fkj. 492. — Selaginella indequalijilia. .4, longitudinal section 
of a cone showing to the left microsporangia and to the 
right macrosporuDgia. JB, microspltrangium containing 
tetrads of microsjWKS. macrosporangi urn with one 

tetrad of macrospores, t, tapetal cells, I, ligule. (JS 
and C X 70. After Sachs.) 


sporangium, which springs from the stem above the leaf-mi The spores differ 
in size, there being macrospores and microspores. The same spike bears both 
macrosporangia and microsporangia. Each MAciiosroRANmuM (Fig. 492 J, C) 
contains only four macrospores, which are produced by the growth and division 
of a single spore-mother-cell ; all the other mother-cells originally developed 
ultimately disappear. On account of the increa.sing size of the spores the 
spherical macrosporangia become nodular. Numerous spores are formed in the 
flattened MiOROSPORAi^foiA. Opening, which is due to a cohesion-mechanism, occurs 
along deflnite lines of dehiscence. 

The microspores begin their development while still enclosed within the 
sporangium. The spore first divides to separate a small lenticular vegetative cell 
from a large cell, which divides successively into eight sterile prothallial or wall- 
cells and two or four central spermatogenous cells (Fig, 498 A), These cells 
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represent the greatly reduced prothallus wliicli is formed within the spore. 
Only the small lens-shaped cell is to be regarded as vegetative ; it is termed the 
rhizoid-cell. The remaining cells represent a single antheridium. By the further 
division of the central cells of this numerous spermatozoid mother-cells are formed 
{B~D). The j)eripheral cells then break down and give rise to a mucilaginous 
substance, in which is embedded the central mass of spermatozoid mother-cells (E), 
The small prothallial cell (p), however, persists. The whole male prothallium is 
up to this stage still enclosed by the wall of the microspore. This ultimately 
ruptures, and the mother-cells are set free and liberate the club-shaped sperma- 
tozoids. Each of these has two long cilia at its pointed end. 

The less reduced female ])rothallu8 is formed from the macrospore (Fig. 494). 
The nucleus of the spore forms many daughter- nuclei which are distributed in 
the protoplasm lining the wall, especially at the apex of the spore. The 



Fio. 49.’?.— /I -A’, Selitginelld stoloni/cm, successive stages in the germination of a microspore; 
p, prothallial cell; w, wall-cells of antheridium ; s, sperinatogenous colls; A, J?, 1), lateral, 
C, dorsal view. In K the prothallial cell is not visible, the disorganised wall-cells enclose 
the spermatozoid mother-cells; F, spermatozoid s of Selaginella cuspidata. (A-E x QiO, 
F X 780. After Belajeb’f.) 

formation of cell-walls then takes place, proceeding from the apex to the base 
till the whole spore is filled with larger prothallial cells ; a further division into 
smaUer cells proceeds in the same direction. In this small -celled tissue at the 
summit of the prothallus a few archegonia are developed. 

The wall of the spore eventually bursts at the apex, and the prothallium 
becomes partially protruded ; it forms a number of rhizoids on three projections 
of its tissue, and these assist the bursting of the spore- wall and also hold water. 
The fertilisation of one or two archegonia, which then takes place, is followed 
directly by the segmentation of the fertilised egg-cells and the formation of the 
embryos (Fig. 494). 

The development of the embryo, in which a suspensor ^jonsisting of one or 
several cells, the apex of the stem with the first leaves, the first rhizophore and 
the foot are distinguishable, proceeds in a great variety of ways in the genus. 
The first division in the fertilised egg -cell is transverse. In S, MwrieTuii^ 
and related forms, the upper hypobasal cell gives rise to the suspensor only, the 
main portion of the embryo being derived from the lower cells (Fig. 496) ; in 
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most other species the upper cell forms the foot and rhizophore as well as the 
suspensor. The apex of the shoot with the first pair of leaves grows upwards 



B 


Fio. 494. —S6ltt(rineUa Marttnsii. A, Huptured iimcrosi>oro seen from above, showing the prothallus 
with three groups of rhizoids and several arehegonia (x 112). Ji, Longitudinal suction of 
the iirotliallua showing two arcliogonia in which embryos are developing (x 112). (After 
Bruchmann.) 


and the root downwards; the young plant remains attached to the prothallus 

in the megaspore by the foot 
(Fig. 491 B). 

In some species the female 
prothallus is developed in the 
macrospores while they are 
still within the macrospor- 
angium ; even fertilisation 
may take place in the spor- 
angium. In the latter case 
the niicrospores, containing 
already free spermatozoids, 
reach the opened macrospores ; 
the microspore then opens and 
the spermatozoids swim to the 
arehegonia. In S. rupestris 
the macrospore remains in 
the sporangium, so that the 
development of the young 
plant (the sporophyte) takes 
place on the sporopljyte of 
the preceding generation. 



Pig, i96,—Selagiiulla Martensii. Embryo before becoming 
free from the prothallus in longitudinal section ; /, foot ; 
wty rhizophore ; e<, suspensor ; k, cotyledons with their 
llgules. (X 160. After Britchm ANN.) 


Order 8. Lepidodendrales (^®*' 

The extinct Lepidodendrales which lived in the Devonian, Carboniferous and 
Permian periods formed trees with secondary thickening, that sometimes attained 
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a height of 30 m. (Fig. 496). The stems were closely covered with simple, narrow 
leaves, which, though they may bo 16 cm. long, can be regarded as small relatively 
to the stem. There was a ligule at the base of each leaf, and the leaf was traversed 
by a single vascular bundle. When the leaves were shed, characteristic scars were 
loft on the surface of the stem. 

In the Lepidodendraceae the spirally arranged leaves were seated on rhombic 
leaf-cushions (Fig. 496, 2). The stems were dichotomously branched, and the 



1 


Fio. m.—l, Lepidodendron. Reconstruction (after PoxoNiif;). 2, Lepidodendron, leaf-cushions. 

.If, SvjiUariaj leaf-scars. (From Lotsy and WK-rrsTiUN.) 

cones (flowers) terminated some of the branches (Fig. 496, 1). Tiie Lepidoden- 
draceae were heterosporous (Fig. 497), and develoiied prothalli which resembled 
those of the Selaginellaceae. 

The Sigillariaceae had columnar, unbranched, or sparingly, dichotomous stems 
which were clothed with longitudinal rows of more or less" hexagonal loaf-scars 
(Fig, 497, 3). The cones, which were similar to those of the Lepidodendraceae, 
were borne on the- stems. 

Some palaeozoic Lepidodendrales {Lepidocarpan, Miadesmia) are of special 
interest since they bore seed-like structures ; they may therefore be grouped 
together as the Lepidospennae. The macrosporangium was surrounded by an 

2 L 
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outgrowth from the sporophyll, which formed an integument-like structure with 



Fic;. 497 . — Lepidostrohus Veltheimianus. .7, Transverse section of cone witli raicrosporangia ; tetrads 
to right below. S, Cone in longitudinal section showing rnicrosporangia above and macro- 
sporangia below. S, Transverse section of cone with macrosporangia. 4, MacrosiX)re, 
probably opening in course of germination. (After Scott, Kidston, Hinney.) From Lotby. 


an opening along its summit (Fig. 498). Only one macrospore attained full 

development ; the prothallus remained en- 
closed by the wall of the spore. Probably the 
microspores reached the macrosporangia 
while the latter were still attached to the 
parent-plant ; later the macrosporopliylls with 
their sporangia became free. Similar relations 
will be met with in the Gymnosperms. 



The dichotomous branching of the 
root and stem, and the simple form 
of the numerous small leaves are 
characteristic of all Lycopodiinae. 
The leaves are closely placed, so that 
the stem does not appear segmented 
into internodes. The sporophylls 
differ little in form from the 
assimilatory leaves, and are grouped 
^ ^ as cones at the ends of certain shoots. 

A single sporangium is borne on the upper side of the sporophyll 


Pio. 498. ~-X«pidocarpon LormxU Dia- 
grammatic section across a macro- 
sporangium with prothallus, P; spore- 
wall, S; sporanglal wall, Sp; In- 
tegument, J. (After Scott from 
Wbttstbin ) 
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near its base. The innermost layer of the wall, forming the 
tapetum, is not broken down when the sporangium is mature. The 
spermatozoids, unlike those of all other Pteridophytes, are biciliate. 
The embryo is carried down into the tissue of the prothallus by 
means of a suspensor. 

The three orders are distinguished by the following characters ; 

Lycopodiales : Isosporous herbs, with, for the most part, subterranean prothalli 
depending for their saprophytic nutrition on an endophytic fungus. 
Leaves without ligule. 

Sclaginellalcs : Heterosporous herbs with extremely reduced, dioecious pro- 
thalli, which are developed within the spores. Fertilisation sometimes 
taking place on the parent-sporophyte. Leaves wdth ligule. 

Lepidode'iidrales : Extinct trees with secondary growth in thickness. Hetero- 
spory and development of the prothalli as in the Selaginellales. Iii the 
most highly developed forms the macrospore was invested by an integu- 
ment, and fertilisation probably took place on the parent-plant. Leaves 
with ligule. 

The most ancient Lycopodiinao are those known from the Devonian. The group 
w'as represented by numerous dendroid forms in the Carboniferous period, 
and was then more highly developed than at the present day. 


Class III 
Psilotinae 

This class is apparently a survival ; the existing forms are only Psilvtum with 
two tropical species and Tmesipteris with one Australasian species. The total 
absence of roots is noteworthy. The dichotomously branched stems boar small, 
simple leaves, spirally arranged. The sporophylls in the upper regions of the 
shoots are always deeply bifid ; each bears near the base of its upper side a thick- 
walled bilocular or trilocular sporangium. Isosporous. 

The prothalli of both genera are only a few millimetres long, and occur in the 
substratum. They are cylindrical, branched, colourless thalli harbouring a 
phyoomycetous mycelium as a mycorrhiza. Numerous archegonia and antheridia 
are developed on them. The spermatozoids are niulticiliate, a point of contrast 
with the Lycopodiinae, and of agi'eement with the other Pteridophyta. 


Class IV 

Equlsetlnae (Horse-tails) (*• 

Order 1. Equisetalee 

The only existing Family is the Equisetaceae, including the one genus Equisetum^ 
comprising 20 species, found widely distributed over the whole world. The genus 
can be traced back to the Triassio period. Developed partly as land-, partly as 
swamp- plants, they may always be distinguished by the characteristic structure and 
habit of the asexual generation, ^ey have a branching, underground rhizome 
on which arise erect, aerial haulms, usually of annual growth. The aerial haulms 
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either reiuaiii simj)le, or they give rise to branch-whorls, and these in turn to 
whorls of a higher order. All the axes are formed of elongated internodes ; 
they have a central pith-cavity and a peripheral series of smaller air channels. 
The collateral vascular bundles form a single circle, as seen in transverse section 
(Fig. 499). At each node is borne a w^horl of scale-loaves pointed at the tips, and 
united below into a sheath closely enveloping the base of the iuternode. There is 
a single vascular bundle in each leaf. The lateral branches are developed in the 
axils of the scale-leaves, but, not having space to grow upwards, they pierce the 
narrow sheath. As a result of the reduction of the leaf laminae, the haulms 
themselves assume the function of assimilation, and for that purpose their cortical 
tissue under the epidermis is provided with chlorophyll. The rhizome of the 

common Horse-tail, Equisetum arvense^ 
and that of other species, develop also 
short tuber -like branches w’^hich serve 
as reservoirs of reserve-material and 
hibernating organs (Fig. fiOO). 

The SPOUANOIA are borne on specially 
shaped leaves or sporophylls. The sporo- 
phylls are developed in whorls, but are 
closely aggregated at the tips of the erect 
fertile shoots into a cone (flower) (Fig. 
500). The lowest whorl is sterile, and 
forms a collar-like protuberance. The 
sporophylls (Fig. 500 i>*, C) are stalked 
and have a peltate expansion, on the 
under side of which are borne the (5-10) 
sac-like sporangia. In tl)e young spor- 
angium the sporogenous tissue is sur- 
rounded by a wall consisting of several 
cell-layer.s, but eventually the tapetal 
cells of the inner layer become dis- 
organised, and their prot 9 plasm penetrates 
between the developing spores, forming 
the periplasmodium. At maturity the 
wall of the sporangium consists only of 
the outermost of the original layers ; the (?ells of this are provided with annular 
and spiral thickenings. The sporangia thus resemble the homologous pollen-sacs 
of Phanerogams. The dehiscence is determined by the cohesive force of the diminish- 
ing amount of water in the cells of the outer layer and the contraction of the thin 
parts of the cell-walls on drying. The sporangia split longitudinally, and set 
free a large number of green spores, which are nearly spherical in shape, and 
have peculiarly constructed walls. In addition to the endospore and exospore, 
the spores are overlaid with a perispore deposited by the periplasmodium, and 
con.sisting of two spiral bands (elaters) which are attached to the spores only at 
their point of intersection (Fig. 500 Z>, E). On drying, the spiral bands loosen 
and become uncoiled ; when moistened, they close again around the spore. By - 
means of their hygroscopic movements they serve to hook together the spores, and 
in this way ensure the close proximity of the prothallia, which are usually dioecious. 

The spores are all of one kind, and on germination give rise to thalloid, green 
PROTHALLIA (Fig. 501). In order to form female organs the nutrition must be 
good ; poorly nourished prothallia bear antheridia only. The female prothallia are 
larger than the male, and, branching profusely, are covered on the upper surface 


sf 



Fio. 499.— Kqnuetum arrense. Transverse sec- 
tion through the stem, m, Lysig<;nic medul- 
lary cavity ; endodermis ; cl, carinal canals 
in the collatenil bundles ; vl, vallecular 
cavities ; hp, sclerenchyniatous strands in 
the furrows and ridges ; ch, tissue of the 
primary cortex containing chloiophyll ; st, 
rows of stomata, (x 11. After Strah- 

BUBOKR.) 
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by erect lobes at whose base the archegonia are produced. The spermatozoids, 



Fio. BOO.'^Equiaeturm arvense, Af Fertile shoote, sprioging from the rhibsonie, -which also bears tubers ; 
the vegetative shoots have not yet unfolded. F, Sterile vegetative shoot. B, Sporophylls 
bearing sporangia, which in C have opened. D, Spore showing the two spiral bands (elaters) 
of the perispore. £, Dry spores showing the expanded spiral bands. (A, F, ^ nat. size. 
B, (7, Df Ef enlarged.) 

bear numerous cilia (Fig. 501 CT). The first leaves of the embryo are arranged 
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in a whorl and encircle the apex of the stem. The growth of the stem is 
effected by the division of a three-sided apical cell (Figs. 501 IF, 96, 97). 

In certain species some of the aerial shoots always remain sterile, branching 
profusely, while others which produce the terminal cones either do not branch at 
all, or only at a later stage, and then 8|jaringly. This distinction between the 
sterile and fertile shoots is most marked in Equiseiuiti arvcnse and Equisetum 
Telmateja, in both of wliich the fertile shoots are entirely unbranched and 
terminate in a single cone (Fig. 600). They are further distinguished from the 
vegetative shoots by their lack of chloroj>hyll and their light reddish colour. 



Fig. fiOl.—^Eguisetum pra^eme. /, Female prothallium from the under surftvce, showing the arche- 
gonia (A). 11, Male prothallinm with antheridia (.4); </, cover-cells of anthcridia. (/X 17, 
II X 12. After Gokbel.) Ill, Equisetumarvense, Spormatozoid : fc, nucleus ; hi, cilia-forming 
blepharoplast with cilia ; cytoplasm, (x circa 1250. After Sharp.) IV, Equisetimarvense, 
Brabryo : 1, 2, octant walls. The stem (f<) and ttrst leaf-whoi l (b) arise from the upper half, and 
the root (u>) and foot from the lower half, (x 165. After Sadebkck.) 

Equisetum gigantcum, growing in tropical South America, is the tallest species of 
the genus ; its branched haulms, supported by neighbouring plants, attain a height 
of over twelve metres, and are about two cm. in diameter. 

The outer epidermal walls of the stem are more or less strongly impregnated 
with silica. In Equimtum, hUmale, and to a less degree in Equisetum arvense, the 
silicification of the external walls is carried to such an extent that they are used 
for scouring metal utensils and for polishing wood. 

Poisonous substances are formed in some species of Equisetum, and hay with 
which the shoots are mixed is injurious to cattle. 

Family 2. CSalamariaoeae (’*®).— This extinct group was highly developed in the 
palaeozoic period, especially in the Carboniferous, when it was represented by 
numetous species. The plants resembled the Horse-tails in general habit, but in 
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some cases attained the size of trees 30 metres high ; the hollow stem, which bore 
whorls of branches at the nodes, was covered with a periderm, and underwent 
secondary thickening. The leaves (Fig. 502) stood in alternating whorls ; their 
form was narrowly lanceolate and at their bases they united into a sheath. 

The cones or flowers had in Asterocalamites the same structure as those of Mquise- 


turn ; in most cases they were more complicated, whorls of superposed scale-leaves 
separating the whorls of specialised si)orangiophores. Each of the latter was a 
stalked peltate disc bearing, on its under side, four sporangia. It is an interesting 



Fio. 504.— /, Sphenophyllwn, showing the branched stem 
with both linear and wedge-shaped lejives and, on the 
right, an elongated cone, (After Scott.) 2, 6’, 
emarginatuu. (After Seward.) From Lotsy. 


fact that heterosporous as well as 
homosporous form occur among 
the Calamarieae. {Calamostachys, 
Fig. 503, 3). 

Order 2 . Sphenophyllales 

This small iosporous group of 
plants is only known in the 
fossil condition from palaeozoic 
rocks. It is characterised by 
the wedge-shaped, undivided, or 
dichotoiiiously branched leaves 
being borne in whorls, usually 
of six members (Fig. 504). 

The species of SphenophyUu 7 n 
which lived from the Devonian 
to the Permian periods were 
herbaceous land-plants with elon- 
gated internodes, and were 
apparently scrambling climbers. 
The stems, which underwent 
secondary growth in thickness, 
had an axile stele without pith. 
The spike-like cones resembled 
somewhat those of Equi&etu^n ; 
each sporophyll bore one to 


four homosporous sporangia (Fig. 

504), Sometimes as in Oheirostrobus the sporophylls were more complicated. 


As characters common to the Equisetinae may he mentioned 
the smallness of the leaves relatively to the stem, and, in contrast 
to other Pteridophyta, their arrangement in whorls; the stem is 
segmented into nodes and internodes. The sporophylls are always 
different from the assimilating leaves; they have mostly the form of a 
centrally stalked, peltate expansion, from the lower side of which a 
number of sporangia hang, and they are associated in terminal spike- 
like cones. The prothalli are green and develop outside the spores. 

The two Orders have the following distinguishing characters : 

1 . £^iitis€icilc 8 .* XiOavGS scftls-likd or smalL Sxisting f9rni8 isosporous horbs 
without secondary growth in thickness ; heterosporous dendroid forms 
with secondaty thickening are known as fossils. 
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2. Sphenophyllales : Leaves with wedge-shaped lamina ; isosporous (perhaps 
occasionally heterosporous) herbs with secondary thickening ; only known 
as fossils. 

The Equisctinae had tlieir maximum development in palaeozoic times and, with 
the exception of a single genus, are extinct. 


Class V. 

Isoetinae 

The only family is that of the Iso^taceae with a single genus Iso'etes, 
The species of IsoHcs are perennial plants, growing either on damp soil or 

submerged in water. The stem is short and 
tuberous, rarely dichotoraously branched, bear- 
ing below a tuft of dichotomously-branching 
roots, and above a thick rosette of long, stitf, 
awl-shaped leaves. The stem is characterised 




Fio. 506. — A- F, IsoUks setacea (x 640). A, Microspore 
seen from tlie side. Ji-D^ Segmentation of the spore ; 
j), prothallial coU ; w, the four cells of the wall 
s, spermatogenous cells, E, Tlie four si^ermatozoid 
mother-cells are surrounded by the disorganised cells 
of the wall ; surface view. F, The same in side view. 
G, IsiH'tes MaliJivemiana^ spermatozoid (x 780). 
Pia. 505.— Jmtes la/iiistns. (i nat. size.) (After Belajbfp.) 


by a secondary growth in thickness by means of a cambium; this produces 
to the outer side cortex (without phloem) and to the inner side secondary 
phloem and xylem. The leaves are traversed longitudinally by four air- 
passages, and expand at the base into a broad sheath. On the inner side of 
the fertile leaves, above their point of insertion, is an elongated pit, the fovea, 
containing a large sessile sporangium. A ligule, in the form of a triangular 
membrane, is inserted above the fovea (Fig, 606), and serves. to secrete mucilage. 

The mackosporangia are situated on the outer leaves of the rosette ; the MfOKO- 
spobangia on the inner. Both are traversed by plates of tissue or trabeculae, 
and are in this way imperfectly divided into a series of chambers. Numerous 
macrospores are formed in the macrosporaugium. The spores are set free by the 
decay of the sporangial walls. 

The dioecious pbothalli are greatly reduced. The male prothallium (Fig. 606) 
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arises within the spore, by the formation of a small, lenticular, vegetative cell (p), 
and a larger cell, the rudiment of a single antheridium. The larger cell divides 
further into four sterile peripheral cells {w), which completely enclose two central 
spermatogenous cells. From each of the latter arise, in turn, two spermatozoid 
mother-cells, four in all, each of wliich, when liberated by the rupture of the spore- 
wall, gives rise to a single, spirally-coiled, mnlticilate spermatozoid. 

The female prothallium (Fig. 507), also remains enclosed within the macrospore, 
and is incapable of independent growth. The nucleus first divides into numerous, 
parietal daughter -nuclei before the gradual formation of the cell-walls, which 
takes place from the apex of the spore to the base. As a result of this process the 

whole spore becomes filled with a 
prothalliunj, at the apex of which 
the archegonia are developed. The 
development of tlie embryo takes 
place without the differentiation of 
apical cells. 

The Isoetinae are charac- 
terised by their peculiar habit, 
and by their loaves being 
large in comparison with the 
stem. The heterospory and 
the extreme reduction of the 
Vm.m.-ismtcs Female pro- generation indicate a 

tlialliumjar.archeKoniuni; o,effg.cell. Af’, Wghly evolvod gl’OUp; the 

Development ofthearchegonium from a super- existin formS are tO be 
ficial cell ; K, neck-cclls ; Kk, neck -canal-cell ; i i . - 

5 , ventral canal-cell; o, egg-cell, (x 250. rGgai’cletl* as the remains Ol a 

After cami'bell.) class of plants which contained 

numerous forms in earlier 
geological periods (Cretaceous). On account of the possession of a 
ligule they are frequently placed in relationship with the Selaginel- 
lalfis and Lepidodendrales ; they differ fundamentally from these, 
however, by their multiciliate spermatozoids and the absence of a 
suspensor in the embryo. 



Class VI 

Filleinae (Ferns) (i> 112, 116123) 

All the Filicinae have large leaves on the lower side of which 
numerous sporangia are borne. They include three Sub-Classes : 

1. Eusporangiatae. 

2. Leptosporangiatae. 

3. Hydropterldeae. 

The' name Eusporangiatae comes from the fact that the sporangia 
have firm walls composed of several layers of cells, while the 
sporangia! wall consists of only a single layer’ of cells in the 
Leptpsporangiatae. In the Eusporangiatae the sporangium develops 
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from several cells, in the Leptosporangiatae from one epidermal cell. In 
the Hydropterideae the sporangial wall is a single layer of cells. 

Sub-Class 1. Eusporangiatae 

Order 1. OphiogloBsales 

European examples of this order, the single Family of which (Ophioglossaceae) 
which contains only a few species, are afforded by Ophioglossum vulgaium, Adder’s 



A E F 


Fio. DOS.— il, BotrycHUum lunaria. Sporophyte, (i nat. size.) J5, Transverse section of the pro* 
thallns; an, antheridium ; ar, archegonium ; am, embryo; en, fungal hyphae (x 45). C, 
Prothallus bearing two embryos, the roots of which have emerged (x 16). D, Embryo with 
the first and second roots (w^i, W 2 ) and foot CO (x 16X Ophioglossum vulgaium. Si)orophyte 
showing the bud for the succeeding year. nat. size.) ' F, Ophioglossum vulgatum, 
Prothallus. an, antheridia; ar, archegonia; k, young plant with the first root; ad, 
adventitious branch ; h, fungal hyphae. (x 15. JB-P, F after Brcchmann.) 

Tongue (Fig. 508 jB), and JBotryehium^ Moonwort (Fig. 508 A). Both have a short 
stem, from which only a single leaf unfolds each year. The leaves in both cases are 
provided with leaf-sheaths. In OpUt^loBsum the leaf is tongue-shaped, in Botry- 
^hium it is pinnate. These leaves bear on their upper side a fertile segment arising 
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near the upper end of the leaf-stalk. This fertile segment in Ophioglossum is simple 
and cylindrical, with the sj)orangia sunk in two rows ; in Botri/chium it is pinnately 
branched in the upper part, and thickly beset on the upper side with large, nearly 
spherical sporangia. The course of the vascular bundles and occasional reversions 
indicate that the fertile segment is derived from the union of two basal pinnae. 

The Ophioglossaceae arc isosporous. Our knowledge of tlie peculiar monoecious 
PROTHALTii of the Ophioglossaceae is largely due to Bhucuaiann ; they are long- 
lived, subterranean, saprophytic, tuberous bodies without chlorophyll but inhabited 
by a mycorrhizal fungus. In Ophioglossiim (Fig. 508 F) they are cylindrical and 
radially symmetrica], simple or branched ; in Botrycldum (Fig. 508 B, O) they 
are oval or heart-shaped and dorsiventral. The antlieridia (Fig. 509) and archegonia 
(Fig. 510) are sunk in the tissue of the prothalliis. The antheridium encloses a 
large spherical mass of spermatozoid mother-cells which are set free when mature 



Fio. 509 . — Ophioglosmm inilgatum. j 4-C', Htages 
in the development of the antheridium from 
a superficial cell ; the upper coll in C gives 
riso to the covor-cells, the lower to the 
mother-cells of the spennatozoids. 
Antheridium not yet opened ; d, cover-cells. 
E, Spermatozoid. (After Brucumann.) 


Fig, 510. — Ophioghmiim vuhjatum. De- 

velopment of archegonium. D, Mature opened 
archegonium with two spermatozoid s (.<?) in 
front of the opening ; h, neck-cells ; lik, neck- 
cuinal-cells ; o, egg-cell ; h, basal cell. (After 
Brcchmann.) 



by the separation of a cover-cell due to the mucilaginous change in its wall. 
The spermatozoids have a spirally wound body and numerous cilia; a small 
vesicle is adherent to the spermatozoid (Fig. 509 E). The antheridia originate 
from single superficial cells (Fig. 509 A~G)y as do also the archegonia (Fig. 
610 A-C). The slightly projecting neck of the latter opens after the neck- canal-cell 
has swollen and disintegrated ; the oosphere (o) remains in the sunken venter. In 
some species the embryo leads a subterranean existence for several years. The 
primary root is first formed and soon projects from the archegonium (Fig, 608 (7, k ) ; 
later the first leaf and tlie apical cell of the stem are differentiated. In some species 
of Botrychiuin the embryo forms an elongated multicellular suspensor at the end of 
which the proper embryonic mass is formed. In this an agreement with the 
Lyoopodinae is evident (cf. Fig. 490 and Fig. 495), which do not in other respects 
show any close relationship to the Eusporangiatae. 


Order 2. Marattiales. 

The plants belonging to this Order are widely distributed in the tropics. They 
are isosporous, and have large fronds provided with a pair of stipules at the base. 
These are borne on the thickened tuberous stem. The prothalli, though they con- 
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tain an endophytic fungus, grow on the surface of the soil as green heart-shaped 
structures. They are rather thick and long-lived and resemble some Liverworts 
in appearance. In some cases the embryo is borne on a suspensor. One of the 



Fia. HW.—Alsophila crinita. A Tree-Fern growing in Ceylon. (Reduced.) 

best-known representatives is AngiopteriSj which is frequently cultivated in 
hot-houses. 


Sub-Class II. Leptosporangiatae (Filices) 

The Leptosporangiatae comprise a large number of genera with 
numerous species, being widely distributed in all parts of the world. 
They attain their highest development in the tropics. The Tree-Ferns 
{Cyatheay Alsophilay Dicksonia), which include the largest representatives 
of the order, occur in tropical countries, and characterise the special 
family of the Cyatheaceae. The stern of a Tree-Fern (Fig. 511) is 
woody and unbranched : it bears at the apex a rosette of pinnately 
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compound leaves or fronds, which are produced in succession from the 
terminal bud, and leave, when dead, large leaf-scars on the trunk. 
The stem is attached to the soil by means of numerous adventitious 
roots, and is also covered by a coating of roots. The majority of ferns, 
however, are herbaceous, and possess a creeping or erect rhizome, 
terminating usually in a rosette of pinnate or deeply-divided leaves. 
Such a habit and growth are illustrated by the common Male Fern 
Uryoptens {Aspidium) filix mas^ the rhizome of which is official (Fig. 512). 
The leaves of Polypodium mlgare are pinnate, and spring singly from 
the upi^er side of the creeping branched rhizome. In other cases 
the leaves may be simple and undivided, as in the HartVTongue 
Fern, Scolopendrium vulgare (Fig. 513). In the tropics many herbaceous 
Ferns grow as epiphytes on forest trees. 

When young, the leaves are coiled at the tips (Fig. 511), a 
peculiarity common to the Ferns as a whole. Unlike the leaves of 
most Phanerogams, those of the Ferns continue to grow at the apex 
until their full size is attained. 

The venation or course of the vascular bundles in the lamina, provides 
important characters for the systematic grouping of the Leptosporangiatae. While 
only a single median bundle is present in the simple leaves of the Horsetails and 
Club Mosses, the veins in the fern leaf are branched in various ways. They may 
be dichotomous or pinnate with free endings, or may anastomose to form a net* 
work. The ultimate branches may end blindly in the meshes of this. 

Peculiar brownish scales (paleae, ramenta), often fringed and consisting of a 
single layer of cells, invest the stems, petioles, and sometimes also the leaves of 
most Ferns. 

The sporangia are generally produced in large numbers, on the 
under side of the leaves. The sporophylls, as a rule, resemble the 
sterile foliage-leaves. In a few genera a pronounced heteropliylly is 
exhibited : thus in the Ostrich Fern, Struthiopteris germanica^ the dark 
brown sporophylls are smaller and less profusely branched, standing 
in groups in the centre of a rosette of large foliage-leaves. Blechnum 
spkant is another example. 

In the different Families, differences in the form, position, and 
structure of the sporangia are manifested. 

The sporangia of the Polypodiaceae, in which family the most 
familiar and largest number of species are comprised, are united in 
groups or soRi on the under side of the leaves. They are borne on a 
cushion-like projection of tissue termed the receptacle (Fig. 512 A), 
and in many species are covered by a protective membrane, the 
INDUSIUM, which is an outgrowth of the tissue of the leaf (Fig. 512 5, (7). 
Each sporangium arises by the division of a single epidermal cell 
(Fig. 486), and consists, when ripe (Fig. 514), of a capsule attached 
to the receptacle by a slender multicellular stalk, containing a large 
number of spores, which only in a few genera (Asplenium, Aspidivm, 
Acrostichum, etc.) are surrounded by a perispore. The wall of the 
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Fig. ti\2.‘-Dryopteri8 {Aspidium) Jilix mas (| nat. size). At Boras in vertical section, (x 20. 
After Rky.) JS, Pinna with young sori still covered by the Indusia. C, Somewhat older sod 
with withered indusia. (Slightly magnified.) OrriouL* 
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capsule is formed of a single layer of cells. A row of cells with strongly 
thickened radial and inner walls, extending from the stalk over the 
dorsal side and top to the middle of the ventral side of the capsule, 
are specially developed as a ring or annulus, by means of which the 
dehiscence of the sporangium is effected. This typo of annulus is 
charoipteristic of the Polypodiaceae. 

On drying of the wall of the sporangium the cohesion of the remaining 
water in the cells of the annulus draws in the thin outer walls of these cells ; this 
causes the annulus to sliorten and determines the 
dehiscence of the sporangium by a tranverse slit 
between the broad, un thickened terminal cells of 
the annulus. When the diminishing water-drop 
ruptures and the pull exerted by the cohesive power 
of the water suddenly gives way, the annulus returns 
by its own elasticity to its original position, thus 
etfecting the dispersal of the spores. The sporangium 
remains open owing to the drying and contraction 
of the thin cell* walls (cf. Fig. 189) 

The form and insertion of the- sori, the shape of 
the indusiimi when ])resent, or its absence, all 
constitute important criteria for distinguishing the 
different genera. The sori of /Scolopendrmrn (Fig. 
613) are linear, and covered with a lip-shaped 
indusiuni consisting of one cell-layer. They are so 
disposed in pairs that they appear to have a double 
indusium opening in the middle. In the genus 
Dryopteris {Aspidkim) (Fig. 512), on the other hand, 
each sorus is orbicular in form and covered by a 
peltate or reniform indusium attached to the apex of 
the placenta ; a glandular hair is frequently present 
on the stalk of the sporangium (Fig. 514 A), The 
sori of Volypodiiim vuUjare are also orbicular, but 
they have no indusia. In the common Bracken, 
rteridium aquilinum^ the sporangia form a con- 
tinuous line along the entire margin of the leaf, 
which folds over and covers them. 

Besides the Polypodiaceae the Ferns include 
other families, mainly represented in the tropics, 
the sporangia of which differ in the construction of the annulus and in 
the mechanism of their dehiscence. The sporangia of the Cyatheaceae, to 
which family belong principally the Tree-Ferns, arc characterised by a complete 
annulus extending obliquely over the apex of the capsule (Fig. 514 J5, (7). 
The H3mienophyllaceae, often growing as epiphytes on Tree-Ferns, have also 
sporangia, with a complete, oblique annulus. They have leaves with a delicate 
membranous landna, and while mainly tropical are represented in Britain {H, 
tunhridgensc). The sporangia of the Scbizaeaceae and Gleicheniaceae, on the 
other hand, have a transversely-placed annulus’ which, in the former (Fig. 514 
Z)), is close to the tip and in the latter above the middle of the sporangium, 
while in the Osmundaceae, of which the Royal Fern, Osmuiida regaliSf is a familiar 
example, the annulus is represented merely by a group of thick-walled cells just 



Fuj. vul{ 

(1 nat. size.) 
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below the apex of the sporangium (Fig. 614 E). In the three last-named 
families the sporangia open by a median split; in the three preceding families 
the dehiscence is transverse or oblique. There are thus two main groups of 
longicidal and brovicidal Leptosporangiatae, the Eusporarigiatae coining closer to 
the former 

All the members of the Filices are isosporous. The pro- 
thallium has usually the form of a small, flat, heart-shaped thallus 
(Fig. 482), bearing the antheridia and archegonia on the under side, 
which is turned from the light. 


In certain Hymenophyllaceae {Tric^iomancs) the prothallium is filamentous and 
branched, resembling in structure the protonema of the Mosses, and producing 
the antheridia and archegonia on special multicellular lateral branches (Fig. 515). 



ril4.-—H])oranKia. DryopUris (Asiridivm) film mm ; there is a glandular hair at the base, 
and C, Alsophila armaUi, seen from the two sides. I>, Anemia caudaUi. K, Omnnda 
regal is. {A-D X 70 orig. ; E x 40. After Lurssen.) 


The ANTHERIDIA and archegonia are similarly constructed in 
nearly all Leptosporangiatae, and present differences from those of the 
Eusporangiate Ferns. The antheridia are spherical projecting bodies 
(Fig. 516), arising on young prothallia by the septation and further 
division of papilla -like protrusions from single superficial cells. 
When mature, each antheridium consists of a central cavity, filled 
with spermatozoid mother-cells, and enclosed by a wall formed of 
two ring-shaped colls and a cap-cell ; in some families the cap-cell is 
divided into two or more cells, but usually remains undivided in the 
Polypodiaceae. The spermatogenous cells are produced by the 
division of the central cell. They are discharged from the anther- 
idium by the pressure exerted by the swollen ring-cells, and the con- 
sequent rupturing of the cell. Each rounded mother-cell thus ejected 
liberates a spirally coiled spermatozoid. The anterior extremity of 
the spermatozoid is beset with numerous cilia, while atcached to its 
posterior end is a small vesicle which contains a number of granules, 
and represents the unused remnant of the contents of the mother-cell. 

The archegonia (Fig. 517) arise from the many-layered median 
portion of older prothallia. They are developed from single super- 
ficial cells, and consist of a ventral portion, embedded in the pro- 


530 


BOTANY 


PART II 


thallium, and a neck portion. The neck, which is longer than in 
the case of the Eusporangiatae, consists of a wall composed of a 
single layer of cells made up of four cell-rows ; it encloses the 
elongated neck-canal- cell. The ventral portion contains the large 
egg -cell and the ventral -canal -cell immediately above it. As the 
archegonium matures, the canal-cells become disorganised, and fill 


the canal with a strongly 
refractive mucilaginous sub- 
stance. This swells on the 
admission of water, and, 
rupturing the neck at the 



Fio. 5l5.—Tnch(m(ines rigidum. Portion 
of a prothallus with an arcliegoniopliore 
(A) to which a young plant is attached. 
(After Goebkl.) 



Fkj. Mature antheridium of Woodsia 

ilvmsis ; the cuticle (c) is ruptuiDd. JJ, 
Open antheridium; rf, cap-cell; r, swollen 
annular cells. (After Schlumbkkoeb.) C, 
Bperniatozoid of i^truthiopUiria germanica; 
k, nucleus ; d, cilia ; b, vesicle derived from 
the vacuole ; c, cytoplasm. ( x 860. After 
Shaw.) 


apex, is discharged from the archegonium, which is now ready for 
fertilisation. The development of the embryo is represented in 
Fig. 483. 


In certain ferns the sporopliyte may originate on the prothallus by a process of 
budding or direct vegetative growth ; the sexual organs are not formed or they take 
no part in the production of the plant (apogamy). Conversely the prothallus may 
arise directly, without the intervention of spores, from the tissues of the leaf 
(apospory) (cf. p. 690). 

Official. — Dryopleris (Aapidium) filix maSf provides filix mas. 

The long silky brown hairs from the base of the leaf-stalks of various Tree-Ferns, 
especially Cihotium JBarometz, and other species of this genus, in the East Indies 
and the Pacific Islands, are used as a styptic, and also for stuffing cushions, etc. 
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Sub-Class 8. Hydropterideae (Water-Ferns) 

The Water-Ferns include only a few genera, which are more or less aquatic in 
habit, growing either in water or marshy places. They are all heterosporous. Tlie 
macro- and micro-sporangia are enclosed in special receptacles at the base of the 
leaves, constituting sporangial fructifications or sporocarps. The wall of the 
sporangium, which consists of a single layer of cells, has no annulus. The spores 
are surrounded by a specially developed peris poriurn. 

The Water-Ferns are divided into two families : Salviniaceae^ with two 
genera, and Marsiliac€<ie^ including three genera. 

The Salviniaceae contain only free-floating aquatic plants belonging to the two 
genera Salvinia and Azolla, In Salvinia natans, as representative of the first genus, 
the sparingly-branched stem gives rise to three leaves at eacli node. The two 
upper leaves of each whorl are oval in shape, and developed as floating foliage- 
leaves ; the third, on the other hand, is submerged, and consists of a number of 
pendent, filamentous segments which are densely covered with hairs, and assume 



Fio, bll.—Polypodium vulgare. J, Young archegouium not yet open ; K', neck-canal -cell ; K", 
ventral-canal-cell ; 0 , egg-cell ; F, mature archegonium, open, (x 240. After Strasburoer.) 

the functions of the missing roots. The sporocarps have an entirely different 
mode of development from those of the Marsiliaceae ; they are spherical, and are borne 
in small groups on the submerged leaves at the base of the filamentous segments 
(Fig. 618 A), The sporangia are produced -within the sporocarp from a column-like 
receptacle, which corresponds in origin to a modified leaf-segment. The envelope 
of the sporocarp is equivalent to an indusium ; it arises as a new growth in the 
form of an annular wall, which is at first cup-shaped, but ultimately closes over 
the receptacle and its sorus of sporangia. 

The second genus, Awlla^ is chiefly tropical, represented by small floating 
plants, profusely branched, and beset with two-ranked closely crowded leaves. 
Each leaf consists of two lobes, of which the upper floats on the surface of the 
water, while the lower is submerged, and assists in the absorption of water. The 
sporocarps are nearly spherical, and produced usually in pairs on the lower lobes 
of the leaves of some of the lateral branches. A small cavity enclosed within the 
upper lobe, with a narrow orifice opening outwards, is always inhabited by 
filaments of the Blue Green Alga, Anabaena azotltte. From the fact that hairs 
grow out of the walls of the cavity between the algal filaments, the existence of a 
symbiotic relation between the two plants would seem to be indicated. AzoUa, 
unlike Salvinia, possesses long slender roots developed from the under side of 
the stem. 
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To the Marsiliaceae belongs the genus Marsilia, of which the European J/. 



Fig. 518.— Saiviwia imtfinH. Seen from the side ; J5, from above (after Bibghoff, reduced). C, 
An embryonic i)lant ; msp, macrospore ; p, prolhallium ; a, stem ; bj, bo, 63 , tbe first three 
leaves ; the so-called scutiforin leaf, (x 15. After J’rinobiikim.) 

quadri/oHa (Fig. 519 J) may be taken as an example. This species has a slender, 




Pio. 619.— A, MarHlia quadrifolia ; a, young leaf ; s, sporocarps. . B, Pilularia globidiftra ; 
si)orocarp. (After Bischoff, reduced.) 

creeping, branched axis, bearing at intervals single leaves. Each leaf has a long 
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erect petiole, surmounted by a compound lamina composed of two pairs of leaflets 
inserted in close proximity. The stalked oval sporocarps ( 5 ) are formed in pairs 
above the base of tlie leaf-stalk ; in other species they are more numerous. Each 
of them corresponds in development to the sterile lamina, but is not divided into 
pinnae. 

Pilulwria also grows in bogs and marshes. P. globulifera is found in 
Britain. It differs from Marsilia in its simple linear leaves, at the base of which 
occur the spherical sporocarps, which arise singly from the base of each sterile 
leaf-segment ; the sporocarp corresponds to a segment of the leaf (Fig. 519 £). 
The young leaves, as in the Filices, are circinate in both genera. 

In the st ructure of the sporangia and spores, and in the development of the pro- 
thallia, the Hydropterideae differ in some respects from the Filices. These differ- 
ences may be best understood on reference to Salvinia natans (^'■^^) as an example. 
The sporocarps contain either numerous microsporangia or a smaller number of 

B 



Fio. b20.—Salvirua nataiw. A, Three s|M)rocari>s in median longitudinal section ; mu, macro- 
sporocarp ; mi, inicro8porocarp(x 8) ; B,a microsporangium (x SA) ; C, portion of the contents 
of a microsporangium, showing four microspores embedded in the frothy interstitial substance 
(x SoO); D, a macrosporaiigium and inacrosi>ore in median longitudinal section (x 55). 
(After Strasbubuer.) 


macrosporangia (Fig. 520 ma, mi). In development and structure both forms 
of sporangia resemble the sporangia of the Leptosporangiate Ferns; tliey are 
stalked, and have, when mature, a thin wall of one cell- layer, but no annulus 
(i?, D). The microspohanqia enclose microspores, which, as a result of their 
development in tetrads from the mother-cells, are disposed in groups of four (O'), 
and embedded in a hardened frothy mass Ailing the cavity of tlie sporangium. 
This frothy interstitial substance is derived from the single layer of tapetal cells. 

The microspores germinate within the microsporangium, whicli does not open ; 
each germinating microspore puts out a short tubular male-prothallium, which 
pierces the sporangial wall. Two antheridia arc developed in this by successive 
divisions (Fig. 521). Each antheridium produces four sperm. iozoids, which are 
set free by the rupture of the cell-walls. The male prothallium is thus- greatly 
reduced. 

The MACROSFORANaiA are larger than the microsporangia, but their walls 
consist similarly of one cell-layer (Fig. 620 D), Each macrosporangium produces 
only a single large macrospore, which develops at the expense of the rest of the thirty- 
two spores originally formed. The macrospore is densely Ailed with large angular 
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protein -grains, oil -globules, and starch - grains ; at its apex the protoplasm is 
denser and contains the nucleus ; the membrane of the spore is covered by a dense 
brown exospore, which in turn is enclosed in a thick frotliy envelope, the perispore, 
investing the whole spore and corresponding to the interstitial substance of the 
microspores, and like this formed from the dissolution of the tapetal ceils. The 
macrospore remains within the sporangium, which is eventually set free from the 
mother-plant and floats on the surface of the water. On the germination of the 



Pio. 521. — Salvinia natans. Development 
of the male prothallinm. A, Division 
of the inicrospore into three cells 
l‘TII (X 8(50); Ji, lateral view ; C, ven- 
tral view of mature prothallium (x 
640). Cell I has divided into the pro- 
thallinm cells a and p ; the latter is 
the rhizoid cell; cell II into the 
sterile cells 5, r, and the two cells «i, 
each of which has formed two sperma- 
tozoid mother-cells ; cell III into the 
sterile cells d, e, and the two cells S 2 - 
The cells av*"! represent two 

antheridia ; the cells b, c, d, e, their 
wall-cells. (After Belajeff.) 



emhr, embryo; /, foot; hh, hly, the first three 
leaves ; st, apex of stem. ( x 100. After Prikosheim.) 


macrospore, a small-celled female prothallium is formed by the division of the 
denser protoplasm at the apex, while the large underlying cell does not take part 
in the division, but from its reserve-material provides the developing prothallium 
with nourishment. The spore- wall splits into three valves, the sporangial wall is 
ruptured, and the green prothallium protrudes as a small saddle-shaped body. 
On it three to five archegonia are produced, but only the fertilised egg-ccll of one 
of them develops into an embryo, the foot of which remains for a time sunk in 
the venter of the archegonium (Fig, 522). The fir.st leaf of the germ-plant is 
shield-shaped (Fig. 518 C) and floats on the surface of the water. 

The development of Azolla (^^la) proceeds in a similar manner, but the sporangia 
and spores exhibit a number of distinctive peculiarities. The micro- and macro- 
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sporocarps at first develop alike ; in each a single macrosporangium is laid down 
surrounded by the tubular indusium, and from the stalk of the macrosporangium the 
microsporangia grow out. In the miorosi>orocarp only the microsporangia develop ; 
in the macrosporocarp, on the other hand, only the macrosporangium becomes mature. 
The sixty-four sj)oros of the microsporangia are aggregated into several nearly 
spherical balls or massulae, formed from the interstitial substance derived from the 


protoplasm of the tapetal cells. 
Each massula, enclosing a number 
of spores, is beset externally with 
barbed, hook-like outgrowths of the 
interstitial substance (glochidia). 


IS 



Fio. 623. ~ Marsilia salvatrix, J, Sporo- 
carp (nat. size); ft, stlak. h, Sporo* 
carp opening in water, showing the 
emerging mucilaginous coi-d. C, The 
mucilaginous cord (g) ruptured and fully 
extended ; «r, soral chamlters ; fch, hard 
shell of the spo^ocarp. D, An immatiire 
sorus; ma, macrosporangia; mi, micro- 
sporangia. (After J. Sachs and J. Han- 

STEIN.) 



Fio. 624. — Marsilia quadrifulia. Development of 
the male prothallus from the spore. A, The 
spore ; B, a small prothallial cell (p) is cut off 
by the wall (1) ; C and D, further divisions, si.sa, 
the mother-eells of the spermatogenous tissue 
in the two antheridia; E, mature condition, two 
groups of sixteen spermatozohls having developed 
from Si and s^ He in the substance derived from 
the breaking down of the peripheral sterile cells 
F, a spermatozoid, highly magniAed. (After 
Lester W. Sharp.) 


On the rupture of the sporangia the massulae are set free in the water, and 
are carried to the macrospores, to which they become attached. In the 
macrosporangium thirty-two macrospores are laid down, but only one comes to 
maturity ; in the course of its development it supplants all the other sporogenous 
cells, and finally the sporangial wall itself becomes flattened against the inner wall of 
the sporocarp, frequently undergoing at the same time partial dissolution. The 
maorospore is enveloped by a spongy perispore, whose outer surface exhibits 
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numerous depressions and protuberances prolonged into filaments. At the apex ,of 
the spore the perispore expands into three pear-shaped appendages. The massulae 
become attached to the perispore. The wall of the sporocarp is ruptured at its 
lower portion, the apical portion remaining attached to the spore in tlie form of 
an ampulla-like covering. The formation of the prothallia is ctfected in essenti- 
ally the same way as in Salmnia, except that only one antheridium with eight 
spermatozoids arises on each of the small male prothallia protruding from a 
massula. 

The sporocarps of the Marsiliaceae (^-®) haye a more complicated structure : those 
of Pilularia glohulifera arc divided into four chambers, each with a single sorus ; in 
the sporocarp of Marsilia there arc numerous sori (14-18) disposed in two rows. 
The sori in both genera contain both micro- and macro -sporangia. These arise 
as in many ferns from superficial marginal cells and come to lie in cavities by 

the upgrowth of the surrounding 
tissue. The outer layers of this 
become differentiated to form a 
hard coat. 

After a period of rest the 
sporocarps germinate in water. 
In Pilularia the tissue surrounding 
the sori swells, bursts the hard 
coat, and emerges as a mucilaginous 
mass ; this contains the sporangia, 
from which, by further swelling 
of the walls, the spores become 
free. The development of tlie 
prothalli and fertilisation take 
place in the mucilaginous mass 
that persists for some days. The 
sporocarp of Marsilia, on the other 
hand, opens as two valves. A 
cartilaginous cord of tissue lying 
within the dorsal and ventral 
sutures of the sporocarp swells 
greatly, and splitting the ventral 
suture, emerges, bearing with it 
the sori, enclosed by membranous 
investments (Fig. 523). 

From the microspore a reduced 
male prothallus is developed within 
the spore-membrane. This when 
mature contains two antheridia, 
liberates these as cork-screw-like, 
spirally-wound, motile spermatozoids bearing numerous cilia (Fig. 524). 

The thick-waUed macrospore has, as in the case of Salvinia, denser protoplasm 
at the summit. This is cut off from the large cell enclosed in the spore-coat by 
a wall, and develops into a small green saddle-shaped prothallus composed of a 
few cells. This only forms a single archegonium and is thus greatly reduced 
(Fig. 526). 

The embryogeny follows the type of the Leptosporangiate Ferns, the egg-cell 
dividing first by a longitudinally -placed basal wall and then by transverse walls 
into quadrants ; these then divide to give the octants. The first leaf and the root 



Fio. 525.— -Marsilia vestita. A, Macrospore with the 
nucleus at the summit, in the protoplasm from 
which the female prothallus shown in B is derived ; 
o, egg -cell of the archegonium, with the vential- 
canal-cell and neck-canal-cell above it; k, nucleus 
of the large cell enclosed in the spore-membrane. 

C, Young embryo in the archegonium showing tlie 
tlrst divisions; ], basal wall; quadrant walls. 

D, Later stage ; w, young root ; 6, first leaf ; st, stem ; 
/, foot, (A X 60; B X 360; C x 626; D x 260. 
After D. Campbell.) 

each with sixteen spermatogenous cells, and 


DIV. I 


PTEBIDOPHYTA 


637 


arise from the two upper pairs of octants ; the lower pairs give rise to the foot and 
the stem-apex (Fig. 525 C, D). 

The prothallus grows for a time enclosing the embryo, and forms a few rhizoids 
from its lower cells. If fertilisation does not take place, a somewhat longer-lived 
prothallus results, which does not, however, form further archegonia. 


A survey of the Filicinae shows that they all have RKl ATIVJILY LARGE 
LEAVES which may be highly branched or be simple. The sporophylls 
may be similarly formed to the vegetative leaves or may differ more 
or less from them. They bear the sporangia usually on the lower 
SURFACE. The sporangia may be isolated or numbers may be grouped 
together in sori ; in some cases they are enclosed by special segments 
of the leaf. 

The three Sub -Classes may be briefly characterised thus : 

1. Ensporangiatae, Mature sporangia with a firm wall composed of a 
number of layers of cells. Isosporous. Prothalli subterranean and 
colourless, or superficial and green, always with an endophytic fungus. 
Herbaceous. Leaf-base with stipules. The Eusporangiatae may bo 
regarded as the most primitive of the three sub-classes on account of 
the slight differentiation of their shoot, and the less marked dorsi- 
ventrality of their prothallus. 

2. Lepfosporangiatae, Sporangia with a wall composed of one 
layer of cells and a special opening mechanism (annulus). Isosporous. 
Prothalli green, autotrophic, monoecious or dioecious. Plants herba- 
ceous or dendroid, without secondary growth in thickness. Leaves 
variously shaped, circinately coiled when young, without stipules. 

3. Hydropterideae, Sporangia with wall of one layer of cells ; 
without annulus. Sori enclosed in sporocarps. Heterosporous, 
Prothalli always very much reduced, and developing within the 
spore. Aquatic or marsh-plants with creeping rhizomes. 

The Eusporangiatae and Leptosporangiatae were already well developed in the 
Carboniferous period, the former coming somewhat earlier than the latter ; the’ 
Hydropterideae make their first appearance in the Trias, While the Lepto- 
sporangiatae still exist in great numbers and variety (the Family Poly pod iaceae 
alone contains several thousand species), the Eusporangiatae wore more richly 
represented in earlier geological periods ; they now consist of only two families 
containing few genera. 


Class VII 

Pteridospermae (Seed-Ferns) 

The Pteridospermae, which are also spoken of as Oycadofilicinae, are fossil 
plants which are known from the Lower Carboniferous. Their fronds were highly 
pinnate {Sphempterist Fig. 526), and the plant as a whole had the general habit 
of a tree-fern. The stem was unbranched or produced a few axillary branches 
(Lyginodendron), It had secondary growth in thickness by means of a cambium. 
This produced to the inside the radially seriated elements of the secondary wood 
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around the large central pith ; to the outside a zone of bast was formed (Fig. 
627). The leaf-trace bundles can be followed inwards from the cortex through 
the secondary wood to join the strands of primary wood at the periphery of the 
pith. The roots also had secondary thickening. 

The Pteridosperms were heterosporous. Their sporangia were borne on fronds 
that are scarcely to be distinguished from the fronds of the true Ferns. The 



Fio. 620. — Lyginodendron. Frond. (Spfienopteris Iloeninghatuni.) (Reduced After Poioni^.) 

eusporangiate microsporangia were situated on the lower side of certain pinnules 
or on modified portions of the leaf. 

The MACROSPORANGIUM, which had a firm wall, contained only one 
MACROSPORE, and this was coherent with the tissue of the macro- 
sporangium. The latter was (as in the Lepidodendrales) surrounded 
by an integument open at the apex only.. Around the whole 
structure there was frequently a cup-shaped upgrowth, the cupule 
(Figs. 528, 529). Into the opening of the integument (micropyle) 
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there projected from below an outgrowth of the macrosporangium. 
This was hollow and formed a chamber around a conical central 
column. Since similar structures are met with among Gymnosperms 
(see p. 574), it may be assumed that the chamber in the Pterido- 
sperms also served to receive the microspores, probably distributed 
by the wind. In this microspore-chamber the microspores would 
then liberate their spermatozoids. The embryo is still unknown. 

The Pteridospermae possess the highest grade of organisation 
among the Pteridophytes. It is noteworthy that this stage had 



Fta. 627. --^LyginodeTidron oldhamium. Transverse section of stem, (x After Scott.) 


been already reached in the Carboniferous period. The group became 
extinct in the Permian. 


Survey of the Pteridophyta 

The Pteridophyta are plants the life-history of which is based on a 
regular ALTERNATION OF GENERATIONS (Fig. 530). The DIPLOID ASEXUAL 
GENERATION exhibits great variety, and is the larger and much the 
more highly differentiated stage in the life-history. Tracheides make 
their appearance as an entirely new feature in the sporophyte, and 
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SO facilitate the conduction of water in the plant that this can assume 
the form of a highly segmented and sometimes dendroid land-plant. 
This contrasts with the condition in the Bryophyta, which, for want 
of well -developed conducting tracts, are unable to attain any con- 
siderable size 

The ASKXUAL SPORES, the formation of which is associated with the 
reduction-division, are produced in si^orangia. These are borne on 
sporophylls which are frequently more or less different in habit from 
the other leaves and are often associated in special cones (flowers). In 
the lower forms the spores are all of one kind (isospory), but in higher 
forms a differentiation into microsporcs and macrospores takes jdace 



Fio. 528 . — Lyijinodendron niftcrospornngmin. -I, Diagrammatic 
longitudiiuil section, /i, Longitudinal section of the upper 
Ijortion. ( x 2'».) M, microspore-chamber ; J, integument ; C, 
cupule. 



Fid, f)2iK~‘'Ly(iinodendron old- 
It am kin un\, M acrosporan - 

gium {LaaenoHtoma). The 
ojien ciipule bears stalked 
glands. Reconstruction, 
(After Soo'rr, from Engler- 
PllANTL.) 


(heterospory). In the latter case the prothalli are also distinguished 
into smaller male and larger female prothalli. 

The HAPLOID GAMETOPHYTE docs not attain any higher differentia- 
tion than that of a thallus, and soon comes to the end of its development 
with the formation of antheridia and ARCHEGONIA that are simpler 
in construction than those of the Bryophyta. In the heterosporous 
forms indeed there is no independently living gametophyte, for the 
prothallus, consisting of relatively few cells, remains more or less 
enclosed within the spore. The reduction is extreme in the case of 
the male gametophytes which remain enclosed by the spore-walls, and 
consist of a single vegetative cell bearing a single antheridium ; only 
the small number of spermatozoids that are formed escape from the 
spore. The female prothalli, though composed of a larger number of 
cells, are also greatly reduced ; their whole tissue is enclosed by the 
wall of the spore, from which the embryo, developed as a result of 
fertilisation, emerges. In some cases this reduction of the sexual 
generation is emphasised by the macrospore not escaping from the 
macrosporangium ] and in extreme cases the macrosporangium being 
more closely attached to the sporophyte by the development of an 
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integument, fertilisation and even the germination of the new sporo- 
phyte may thus take place on the parent plant. 

All these relations in the Pteridophyta lead so clearly to the 
condition found in the Spermatophyta that it is difficult to draw a 


line between the two groups. 
Thus the Pteridosperms, included 
here among Pteridophyta, may 
alternatively be regarded as true 
Gymnosperms. 

Within the various classes of 
the Pteridophyta hetkrospoky 
has originated independently 
several times, as has also “seed- 
formation.’’ A further develop- 
ment to higher plants has only 
taken place in the case of the 
Pteridosperms, which on the other 
side exhibit connections with the 
Eusporangiatae ; the correspond- 
ing Leindodendrales, on the 
other hand, appear to have ended 
blindly. 

The lower phylogenetic connec- 
tion of the Pteridophyta is less 
clear. In spite of the resemblances 
in the sexual organs, a derivation 
from the Bryophyta does not seem 
possible, for it is difficult to see 
how the highly differentiated 
sporophyte in the Pterido])hyta 
can have originated from the 
dependent sporogonium. We are 
therefore forced to assume that the 
Bryophyta and Pteridophyta re- 



T 
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present two parallel branches of 
the phylogenetic tree, which have 
taken origin in some unknown 
way from the Algae; while the 


’IG. 530. — Diiifjrammatic tipun'S of the life- 
history of a Fern, ll, ganietophyto ; N, 
sporophyte ; spore ; ,v, haploid (thin lines) ; 
iJ.r, diploid (thick lines). 


Bryophyta end blindly, the Pteridophyta have developed further as 


the Spermatophyta. 


The most primitive Pteridophyta are the Psilophytinae which appear* in the 
Silurian, and thus earlier than any other Pteridophytes. In spite of the presence 
of true vascular bundles, their simplest leafless representatives, with sporangia 
terminating branches of the assimilating shoots, have a very “alga-like” habit. 
On the other hand, the forms with simple leaves connect, so far as habit is 
oonoerned, with the similarly small * leaved Lycopodiinae ; they cannot be 
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directly connected, however, since in the Lycopodiinae the sporangia are borne 
on sporophylls. 

The various classes of Pteridophyta are somewhat loosely connected with one 
another. In particular, the forms with the small Lycopod-type of leaf are sharply 
distinguished from those with the large Fern-type of leaf. Probably all the classes 
are to be traced back as parallel lines to a common stock. The above arrangement 
of the classes does not therefore represent a phylogenetic succession. 

Survey of the Classes of the Pteridophyta : 

Psilophytinae. Leafless or with small leaves ; sporangia terminal, 
not on leaves ; isosporous. 

Lycopodiirme. Leaves small ; sporangia solitjiry on the upper 
surface of the sporophyll ; isosporous or heterosporous ; 
spermatozoids bi-ciliate. (Orders : Ijycopodiales, Selagi> 
nellales, Lepidodendrales, see p. 515.) 

Psilotinae. Leaves small ; sporangia plurilocular, on the upper 
surface of the sporophyll ; isosporous ; spermatozoids 
multiciliate. 

Eqidsefinae. Leaves small, in whorls ; sporangia borne in 
numbers on the lower side of the sporophyll ; isosporous 
or heterosporous ; spermatozoids multiciliate. (Orders : 
Equisetales, Sphenophy Hales, see p. 520.) 

Isoetinae, Leaves large relatively to the stem ; sporangia 
solitary on the upper surface of the sporophyll ; 
heterosporous ; spermatozoids multiciliate. 

Filicinae. Leaves large ; sporangia numerous on the under 
side of the leaves ; spermatozoids multiciliate. 

Sub-class Eusporangiatae, Sporangial wall firm ; isosporous. 

Sub-class Leptosporangiatae, Sporangial wall thin; isosporous. 

S>nh-c]3iss llydropterideae. Sporangial wall thin; heterosporous. 

Pferidospermae, Leaves large ; heterosporous ; microsporangia 
numerous on the lower side of the sporophyll; macro- 
sporangium with only one macrospore, which is not shed 
from the sporangium (“ ovule ^^). 


Survey of the Spore-Plants (Thallophyta, Bryophyta, Pteridophyta) 

The relationships of these plants are in many points obscure, as 
has been seen in the sections dealing with the various groups. A 
phylogenetic tree is given in Fig. 531. The black lines indicate 
relationships which may be assumed with some certainty ; the dotted 
lines others that are doubtful. Where several lines are given they 
indicate alternative possibilities. Where no connections are indicated 
the relation of the class to others is still quite obscure. 

Aa the diagram shows, the majority of the classes may be derived directly or 
indirectly from the Flagellatae. This appears most clearly from the organisation 
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of the reproductive cells ; both asexual swarm-spores and gametes are in many 
cases ciliated naked protoplasts of a Flagellate type. In the Bryophyta and 


0 ) 



Fig. 531.— Diagrammatic representation of the interrelationships of Thallophyta, Bryophyta, 
and Pteridophyta. Explanation in text. 

Pteridophyta, and even in the Cycadeae and Ginkgoaceae, this is seen in the case 
of the male gametes ; though these are secondarily modified, their ontogeny indicates 
the phylogenetic original form. 
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SPERMATOPHYTA 

The Transition from the Pteridophyta to the Spermatophyta (^). — 
The Pteridophyta are characterised by the type of alternation of 
generations they exhibit. The spore gives rise to the independently 
living, haploid gametophyte. This is the shortJived prothallus, from 
the fertilised egg -cell of which the physiologically independent 
diploid sporophyte arises and forms the Fern, Horse-tail, or Club- 
moss. The appearance of heterospory leads to a further reduction of 
the prothallus, which ceases to produce both kinds of sexual organs. 
In the germination of the microspores only a single, vegetative pro- 
thallium-cell is to be recognised, the remainder of the small prothallium 
representing one or more antheridia. The female prothallium, which 
in Salvinia still becomes green and emerges from the macrospore, in 
Selaginella and Isoeies has lost the power of independent nutrition. 
The prothallium begins its development while still within the macro- 
sporangium of the parent plant, and the macrospore, after being set 
free, only opens in order to allow of the access of the spermatozoids 
to the archegonia. From the fertilised egg, the embryo develops 
without a resting period into the young sporophyte. 

The simplest Spermatophyta are only distinguished by inessential 
differences from these most highly differentiated Archegoniatae. 

The MACROSPORE, which in the Spermatophyta is tenned the 
EMBRYO-SAC, remains enclosed in the macrosporangium or ovule 
(Fig. 532). The latter consists of the NUCELLUS (n), from the base of 
which (the chalaza {ch)) one or two integuments (w, ia) arise ; these 
grow up as tubular investments of the nucellus and only leave a small 
passage, the micropyle (w), leading to the tip of the latter. The 
ovule is attached to the macro-sporophyll or carpel by a stalk or 
funiculus (/), which is often very short. The region to which one 
or more ovules are attached is called the placenta. If the nucellus 
forms the direct continuation of the funiculus the ovule is termed 
straight or atropous. More frequently the funiculus is sharply 
curv^ just below the chalaza, so that the ovule is bent back alongside 
its stalk (anatbopous ovule). The line of junction of the funiculus 

647 



548 


BOTANY 


PART II 


with the outer integument is still recognisable in the ripe seed, and 
is termed the raphb. Lastly the ovule itself may be curved, in which 
case it is spoken of as campylotropous. The three types are dia- 
grammatically represented in Fig. 532 A~C. 

As a rule only one embryo-sac is contained in an ovule. In the 
same way as the four macrospores originate by the tetrad division in 
the macrosporangium of Selaginella, in the macrosporangium (ovule) of 
the Spermatophyta there is usually a single embryo-sac mother-cell 
which divides into four daughter cells ; three of these do not develop 
further, while the fourth becomes the embryo-sac. The embryo-sac 
of the simplest Spermatophyta also resembles the macrospore in 
becoming filled with prothallial tissue, here termed the endosperm ; 
one or more archegonia with large egg-cells are developed at the 
summit of this. The fertilised ovum develops into the embryo while 

m ia a ch 




P’lo, 532.— -4, Atropous ; B, anatropous ; C, campylotropous ovules. Diagrammatic. and magnified. 
Modified from Schimper. De.scription in the text. 


still enclosed within the macrospore and at the expense of the parent 
plant. When the embryo has reached a certain stage in its develop- 
ment, which is diflferent and characteristic in different plants, its growth 
is arrested, and after the separation from the parent plant it under- 
goes a period of rest. It is still surrounded by the other portions of 
the macrosporangium, viz. the prothallium or endosperm, the nucellus 
(if this still persists), and the seed-coat formed from the integuments. 
The complete structure derived from the ovule is termed a 

SEED, AND THE FURTHER DEVELOPMENT OF THE UNOPENED MACRO- 
SPORANGIUM TO FORM A SEED IS CHARACTERISTIC OF ALL SEED-PLANTS 
OR Spermatophyta. 

The MICROSPORES of the Spermatophyta are called pollen-grains. 
They are formed in large numbers within the microsporangia or 
pollen-sacs, which are borne singly or in numbers on the MICRO- 
SPOROPHYLLS or STAMENS. The part of the stai^en which bears the 
pollen-sacs is usually clearly distinguishable and is called the anther. 
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The development of the pollen -sac (Fig. 533) commences with 
divisions parallel to the surface taking place in cells of the hypodermal 
layer; this separates the cells of the primary archesporium from an 
outer layer of cells. The latter divides to form three layers of cells. 
The outermost layer of the wall in Gymnospcrms and the hypodermal 
layer in the Angiosperms gives rise to the fibrous layer and the inner- 
most layer to the tapetum. The archesporium, after undergoing a 
number of divisions, forms the pollen-mother-cells, each of which divides 
as in Bryophytes and Pteridophytes into four daughter-cells. These 



Fio. 533 . — UeiMToccdUs fnlm. A, Transverse section of an almost ripe anther, sliowing the loculi 
ruptured in cutting ; p, partition wall betwfjcn tho loculi ; a, groove in connective ; /, vascular 
bundle (x 14). JB, Transverse section of young anther (x 28). C, Part of transverse section of a 
pollen-sac ; jm, i)Ollen-inother-cells ; t, tapotal layer, later undergoing dissolution ; c, inter- 
mediate parietal layer, becoming ultimately compressed and disorganised ; /, parietal layer of 
eventually fibrous cells; e, epidermis (x 240). D and E, Pollen-niother-cells of Alchemilla 
speciosa in process of division (x 1125). F, Mature tetrad of Bryonia dioica ( x 800). (After 
Strasburqbr.) 


are the pollen -grains, and are spherical or ellipsoidal in shape and 
provided with a cell-wall; an external cutinised layer (the exine), 
and an inner cellulose layer, rich in pectic substances (the intine), 
can be distinguished in the wall. 

While the male sexual cells of all archegoniate plants are depend- 
ent on water for their conveyance to the female organs, the transport 
of the pollen-grains to the egg-cells is brought about in Spermatophytes 
by means of the wind or by animals. However far the reduction of 
the male prothallium has proceeded — and even in the case of the 
heterosporous Pteridophyta only a single sterile cell was present — ^two 
constituent parts are always distinguishable in the germinating pollen- 
grain; these are a vegstativs cell which grows out as the 
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POLLEN-TUBE, and an ANTHERIDIAL CELL which ultimately gives rise 
to two GENERATIVE CELLS. The pollen-tube, the wall of which is 
continuous with the intine of the pollen - grain, ruptures the exine 
and penetrates, owing to its chemotropic irritability, into the tissue 
of the macrosporangium (cf. p. 355). The antheridial cell passes into 
the pollen-tube and sooner or later gives rise to two generative cells 
which reach the embryo-sac and egg-cell by passing along the pollen- 
tube. The name Siphonogams has been applied to the seed-plants on 
account of the common character of the group afforded by the formation 
of a pollen-tube. 

The results reached by the above survey may be summarised by 
saying that the Phanerogams continue the series of the Archegoniatae 
and agree with the latter in exhibiting an alternation of generations 
(cf. the Scheme on p. 552). While the sporophyte becomes more 
complex in form and more highly organised, there is a corresponding 
reduction of the gametophyte. The female sexual generation is en- 
closed, throughout its whole development, in the asexual plant, and only 
becomes separated from the latter in the seed, which further contains as 
the embryo the commencement of the succeeding asexual generation. 

The investigations made of recent years into the phenomena of the 
reduction-division (cf. p. 189) in the sporo-mother-cells of Archegoniates 
and Spermatophyta have resulted in a confirmation of the limits of the 
two generations in the latter (^). The number of chromosomes char- 
acteristic of any plant is diminished to one-half, during the divisions 
that lead to the origin of the sexual generation, and the full number 
of chromosomes is not again attained until fertilisation takes place. 
The asexual generation has always the double number, the sexual 
generation the single number of chromosomes. The gametophyte is 
haploid, the sporophyte diploid. 

The Spermatophyta are divided into two classes which differ in 
their whole construction : (1) the Gymnosperms, with naked seeds; 
(2) the Angiosperms, with seeds enclosed in an ovary. The 
carpels of the Angiosperms form a closed cavity, the ovary, 

WITHIN WHICH THE OVULES DEVELOP. SuCH AN OVARY IS WANTING 

IN THE Gymnosperms, the ovules of which are borne freely 

EXPOSED on the UPPER SURFACE OR MARGINS OF THE MACROSPORO- 
PHYLLS OR CARPELS. 

The Gymnosperms are the phylogenetically older group. Their 
construction is simpler and in the relations of their sexual generation 
they connect directly with the heterosporous Archegoniatae. 

The Angiosperms exhibit a much wider range in their morpho- 
logical and anatomical structure. The course of their life-history 
differs considerably from that of the Gymnosperms, and without the 
intermediate links supplied by the latter group the correspondence 
with the life-history of the Archegoniatae woidd not be so clearly 
recognisable. 
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These conclusions are confirmed by the evidence afforded by 
Palaeobotany. Gymnosperms or forms resembling them are found, 
along with what appear to be intermediate forms between the Gymno- 
sperms and the Pteridophyta, in the fossiliferous rocks of the Devonian, 
Carboniferous, and Permian formations. The Angiosperms are, on 



Fia. 6S4.—Pinus montana. A, Longitudinal section of a ripe male flower (x 10). B, Longitudinal 
section of a single stamen ( x 20). C, Transverse .section of a stamen ( x 27). D, A ripe pollen- 
grain of Piniis sylmstris ( x 400). (After Strasbueoer.) 

the other hand, first known with certainty from the Cretaceous 
formation. 


Mopphologry and Ecologry of the Flower 0’ 

1, Morphology. — The flowers of the Gymnosperms are all 
unisexual and diclinous. The macrosporophylls form the female, the 
microsporophylls the male flowers. The two sexes are found either 
on the same individual (monoecious), or each plant bears either male 
or female flowers (dioecious). Leaves forming an envelope around 
the group of sporophylls are only found in the Gnetaceae in the 
group of Gymnosperms. 

The MALE FLOWERS of Gymnosperms are shoots of limited length, 
the axis of which bears the closely crowded and usually spirally 
arranged sporophylls. The scales which invested the flower in the 
bud often persist at the base of the axis (Fig. 534). 



Scheme of Alternation of Generations 


Haploid Soxoal Oeneration Diploid Asexual Generation 

» Ctametopliyte . » Bporophyte. 



non wneo IvnxBg p|oi^ nonmtmD tvdXotT Wl^fa 
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The microsporangia are borne on the lower surface of the 
sporophylls, two or more being present on each. Their opening is 
determined as in the sporangia of the Pteridophyta by the peculiar 
construction of the outer layer of cells of the wall (exothecium). 
The pollen-grains are spherical, and are frequently provided with two 
sacs filled with air, ,which increase their buoyancy and assist in their 
distribution by the wind (Fig. 534, A-D), On germination the outer 
firm layer of the wall of the pollen-grain (exinc) is comjdetely lost, 
being fractured by the increase in size of the protoplasmic body. 

In many Gymriosperms the female flowers or cones resemble 
the male flowers in being composed of an axis bearing numerous 
spirally-arranged sporophylls. In other cases they differ from this 

type in various ways, which 
will be described below 
(pp. 604 ff.). 

In Ang*iosperms, on the 
other hand, a union of micro- 
and macro-sporophylls in the 
one flower, which is thus 
hermaphrodite, and the 


Fio. 635. —Flower of Paeonia peregrina. fc, Calyx, and 
c, corolla, together forming tlie perianth ; a, 
androecium ; g, gyiiaeceum. The anterior portion 
of the perianth has been removed. (J nat. size. 

After SCHRXCK.) 

investment of the flower by coloured leaves (differing in appearance 
from the foliage leaves), forming a perianth, is the rule (Figs. 535, 
536). In contrast to the unisexual or diclinous flower with 
the sporophylls arranged spirally on an elongated axis, which is 
characteristic of the Gymnosperms, the perianth - leaves and sporo- 
phylls in the Angiosperms are usually borne in whorls on a greatly 
shortened axis. The arrangement of the floral leaves in 
WHORLS, the coloured PERIANTH, AND THE HERMAPHRODITE NATURE 
OF THE FLOWERS ARE THUS CHARACTERISTIC OF AnGIOSPERMS, although 
these features do not apply without exceptions to all angiospermic 
flowers. These differences depend on the important factor, of the 
MEANS OF POLLINATION. When this function is performed by 
the wind, the elongation of the axis and the absence of an invest- 
ment of leaves around the female receptive organ are advantageous. 
When, on the other hand, pollination is effected by insects or birds, 
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tho conspicuousness given by the presence of a perianth and other 
attractions, such as scent or sweet-tasting substances, are necessary. 
The form of the flower, the arrangement of the sporophylls in it, and 
the place at which nectar is secreted must be adapted to the body- 
form or the habits of the visiting animals. It is to this that the 
variety of form and colour exhibited in the flowers of Angiosperms 
must be ascribed. 

The association of hermaphrodite and unisexual flowers on the same plant 
leads ill certain Angiosperms to what is known as polygamy. When herma- 
phrodite and unisexual flowers are distributed on distinct individuals we have 
andro- or gyno-dioecism ; when on the same individual andro- or gyno-monoecism. 

The perianth usually consists of two whorls of members ; these 
may be similar in form and colour (e,g, Lilium), when the name 
PERIGONE is given to them, or may be differentiated into an outer 
green calyx and an inner whorl of coloured leaves, the COROLLA (e.g, 
Rosa), In every complete flower two whorls of stamens or micro- 
sporophylls come next within the perianth, and within these again a 
whorl of carpels or macrosporophylls. The whorls alternate regularly 
with one another. The stamens collectively form the androecium, 
the carpels the gynaeceum. 

Each stamen consists of a cylindrical stalk or filament and of 
the anther j the latter is formed of two thecae or pairs of pollen- 
sacs joined by the continuation of the filament, the connective (Fig. 

537) . According to whether the thecae are turned inwards, ie, 
towards the whorl of carpels, or outwards, the anther is described as 
INTRORSE or EXTRORSE. The opening of the ripe theca depends as a 
rule (except in the Ericaceae) on the peculiar constniction of the 
hypodermal layer of the wall of the pollen-sac. This is called the 
FIBROUS layer or KNDOTHECIUM. On the other hand, in the Gymno- 
sperms (excluding Ginkgo, cf. p. 604), as in the Ferns, the dehiscence 
is effected by means of the external layer of cells (exothecium). 
As a rule the septum between the two pollen-sacs breaks down, so 
that they are both opened by the one split in the wall (Fig. 533 A), 
The microspores in anemophilous plants are smooth, dry, and light, 
and adapted for distribution by the wind. In entomophilous flowers, 
on the other hand, the exine is frequently sticky or provided with 
spiny projections, and the pollen-grains are thus enabled to attach 
themselves better to the bodies of the insect visitors. They also 
difier from the pollen-grains of the Gymnosperms in not losing the 
exine on germination, but having more or less numerous spots in the 
wall prepared beforehand for the emission of the pollen-tube (Fig. 

538) . Sterile stamens which do not produce fertile pollen are termed 
STAMiNODEts (cf. e,g, the Scitamineae). 

The flower is terminated above by the gynaeceum. The CARPELS 
composing this may remain free and each give rise to a separate fruit 
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(APOCARPOUS gynaeceum) (Figs. 539, 542 yi), or they unite together 
to form the ovary (SYNCARPOUS gynaeceum) (Fig. 540). The 



Pifl. r)37 . — A and B, Anterior 
and posterior view of a sta- 
men of Jtyoscyamm niyer ; 
fy the Jilament ; p, anther ; 
r, connective (magnilled). 
(After ScniMPER.) 


Fia. 538.— Pollen grain o^Mnlvasylvesiris. 
S, Spinous projections of the exine ; s, 
vertically striated layer of the exine ; 
p, the same seen from above ; a, places 
of exit of pollen-tubes. (After A. 
Meyer.) 


carpels, as a rule, bear the ovules on their margins, on more or less 
evident outgrowths which are termed PLACENTAS (Fig. 539^). In 
apocarpous gynaecea the 
ovules are thus borne on 
the united margins of the 
carpels, each margin bearing 
a row of ovules. This is 
termed the VENTRAL suture, 
while the midrib of the 



Pia. 529. Delphinium con- 
solida. Cross-section of the 
ovary, showing the ovules 
on the placenta (p). (After 
Sngleb-Framtl.) 



Fio. 640. — Sanibuous nigra. Longitudinal^ sec- 
tion of flower. 9, Ovule ; n, stigma. (After 
Tbchirch-Osteblb. ) 


carpel forms the DORSAL suture. In syncarpous ovaries the ovules 
are similarly borne on the margins of the coherent carpels (Fig. 541 pi). 

The plaoentation is termed pabixtal when the placentas form projections 
^m the inner surface of the wall of the ovary (Fig. 541 D), If the margins of 
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the carpels project farther into the ovary, and divide its cavity into chambers or 
loculi, the placentas are correspondingly altered in position, and the placentation 
becomes axile (Fig. 541 B). In contrast to such true septa, formed of the 
marginal portions of the carpels, those that arise as outgrowths of the surface or 
sutures of the carpels, as in the Cruciforae, are called false septa (Fig. 683). By 



Fio. 541.— lYansverse sections of ovaries. A,lvhdm: Diapensia ; lihododendron \ 

D, Fassijlora ; jd, placenta ; sa, ovules. (After Le Maout and Decaisne.) 

the upgrowth of the floral axis in the centre of the ovary what is known as free 
CENTRAL placentation comes about {e.g. Primulaceae). The projecting axis 
cannot be sharply distinguished from the tissue of the carpels. The septa, which 
were originally present, are arrested at an early stage of development or com- 



Fig. 642.— Different forms of gynaecea. A, Of Aconitum NapeMus] £, of Linum vsiiatissimum ; 
C, of NUx>tima nistim ; D, style and stigma of Achillea millefolium ; /, ovary ; g, style ; 
n, stigma. (After Berg and Sohmidt, magnified.) 

pletely disappear, so that the ovules are borne on the central axis covered with 
carpellary tissue and enclosed in a wall formed by the outer portions of the carpels. 

Each carpel in an apocarpous gynaeceum is usually prolonged above 
into a stalk-like style terminating in a variously-shaped stigma. The 
stigma serves as the receptive apparatus for the pollen, and in relation 
to this is often papillate or moist and sticky (Fig. 542 J9). When 
the gynaeceum is completely syncarpous, it has only one style and 
stigma. In Fig. 542 an apocarpous (A) and a syncarpous gynaeceum 
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(0) are represented, together with one in which the carpels are coherent 
below to form the ovary while the styles are free (B). 

The POSITION OF THE OVULES WITHIN THE OVARY may be erect, 
pendulous, horizontal, or oblique to the longer axis (Figs. 543, 544). 
In anatropous ovules the raphe is said to be ventral when it is turned 



Fia. 548. — Ovary of Coiuum mncidatum. with 
pendulous ovules, in longitudinal section. 
Raphe ventral. (After Tschirch-Osterle.) 



Fig. 544.— Ovaries containing basal ovules 
shown in longitudinal section. A, Fago- 
pyrw»n.e8ciden.<a??i(atror)Ous) ; B, Armeria 
maritime (anatropous). (x 20. After 
Duchartre.) 


towards the ventral side of the carpel, and dorsal if towards the 
dorsal side of the carpel. 

The differences in the form of the floral axis, which involve 
changes in the position of the gynaeceum, lead to differences in the form 
of the flower itself. Some of the commonest cases are diagrammatically 
represented in Fig. 545 J-C. The summit of the floral axis is usually 




Fig. 545.--Diagram of (A) hypogynous, (B, B') perigynous, and (C) epigynous flowers. 
(After ScHiMPER.) 


thicker than the stalk-like portion below; it is often widened out 
and projecting, or it may be depressed and form a cavity. If the 
whorls of members of the flower are situated above one another on a 
simple, conical axis, THE gynaeceum forms the uppermost whorl 
AND IS spoken of AS SUPERIOR, WHILE THE FLOWER IS TERMED 
hypogynous (Fig. 546, 1). If, however, the end of the axis is 
expanded into a flat or cup-shaped receptacle (hypanthium), an interval 
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thus separating the androecium and gynaeceum, the flower is termed 
PERIGYNOUS (Figs. 545 B, B\ 546, 2). When the concave floral axis, 
the margin of which bears the androecium, becomes adherent to the 
gynaeceum, the latter is said to be inferior, while the flower is 
described as epigynous (Fig. 546, 3). 

The regions of the axis, or of other parts of the flower which 
excrete a sugary solution to attract the pollinating animal visitors, 
are called nectaries. Their ecological importance is considerable. 

In a typical angiospermic flower the organs are thus arranged in 
five alternating whorls, of which two comprise the perianth, two the 
androecium, while the gynaeceum consists of one whorl. The flower 
is PENTACYCLIC. The number of members is either the same in each 
whorl (e.g, three in a typical Monocotyledon flower, or five in a typical 
Dicotyledon flower), or an increase or decrease in the number takes 



Fio. 54(5. — P’lowers in longitudinal section. I, Banuneulus scelercUus with iiumerouH a})ocarpouB 
carpels on a club-shaped receptacle; hypogynous flower. (After Haillon, naagnifled.) 
Sf Alchemilki alpimi, perigynous ; 3, Pyrus Maliis, epigynous. (After Focke in Nat. Pflanzen- 
familien, magnified.) 

place. This is especially the case with the whorls composing the 
androecium and gynaeceum. Further, as is shown in the androecium, 
a whorl may be entirely omitted or the number of whorls may be 
increased. Flowers with only one whorl in tlie androecium are 
termed haplostemonous, and those with two whorls diplostemonous. 
When the outer whorl of the androecium (and in correspondence with 
this the carpels) does not alternate with the corolla but falls directly 
above this, the androecium is obdiplostemonous. 

A diagram (cf. p. 84) of a pentacyclic Monocotyledon flower, so 
oriented that the cross-section of the axis of the inflorescence stands 
above and that of the subtending bract (cf. p, 117) below, is given in 
Fig. 547, and that of a Dicotyledon flower in Fig. 548. 

Both these floral diagrams are spoken of as empiuical diagrams. A 
THEORETICAL DIAGRAM, OR the Other hand, is obtained when not only the organs 
actually present are represented but also others the former presence of which 
must be assumed on phylogenetic grounds. Thus in the Iridaceae, which are 
closely related to the Liliaceae, only one whorl of stamens (the outer) is present ; 
the inner whorl which might have been expected has been lost. When the 
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position of the missing members is marked by crosses in the empirical diagram the 
theoretical floral diagram of the Iridaceae is obtained (Fig. 649). Occasionally 
‘‘complete " flowers of Iris are met with corresponding to the theoretical diagram. 
Heinricher {*) has succeeded in propagating this floral form by seed. Such a 
reversion to ancestral characters is termed “atavism ” (cf. p. 194). 

A FLORAL FORMULA gives a short expression for the members of a flower as shown 
in the floral diagram. Denoting the calyx by K, the corolla by C (if the perianth 
forms a perigone it is denoted by P), the androecium by A, and the gynaeceum 
by G, the number of members in each case is placed after the letter. When 
there is a large number of members in a whorl the symbol qo is used, denoting 
that the number is large or indefinite. Such a formula may be furtlicr made to 
denote the cohesion of the members of a whorl by enclosing the proper number 
witlrin brackets ; by placing a horizontal line below or above the number of 
the carpels the superior or inferior position of the ovary is expressed. 



Fi(3. 647.— Diagram Fio. 648.— Diagram of Fio. 649.— Theoretical dia- 

a pentacyclic mo »o- a pentacyclic dico* gram of the flower of 

cotyledoiious flower tyledonous flower ' Iris, The missing 

(Liliuvi). (Afte” (Viscaria). (After whorl of stamens is 

ScHENCK.) Eichler.) indicated by crosses. 

(After ScHKNCK.) 

The floral diagrams in Figs. 647 and 548 would be expressed respectively 
by the floral formulae, P3 + 3, A3 + 3, G(3) for the Monocotyledon, and K5, C6, 
A6 + 6, G(5} for the Dicotyledon. Other examples are Jia?iu7iculus, K6, C5, 
Aoo, G^; Hemlock, K6, C5, A6, G{2); Artemisia, KO, C(5), A(6), G{2), 

By displacement of the floral members, by inequalities in their 
size, or by the suppression of some of them, the original radial 
(actinomorphic) construction (Fig. 551 A) is modified; either dorsi- 
ventral (zygomorphic) flowers (Fig. 551 B) or completely asymmetrical 
flowers (Fig. 551 (7) may result. In the floral formula 0 indicates an 
actinomorphic and a zygomorphic flower, e,g. Laburnum, ^ K5, 
C5, A (5 + 5), GL Zygomorphic flowers always tend to assume a 
definite position in relation to the vertical. Radial monstrosities of 
normally dorsiventral flowers are termed peloric. 

Inflopeseences. 

The flowers of Angiosperms stand singly in relatively few cases. 
They are much more commonly grouped in smaller or larger numbers 
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on special branch-systems which are termed inflorescences. These 
contrast with vegetative branch-systems by the crowded position of 
their lateral branches, the usual development as scale-leaves of 
the subtending leaves or bracts, in the axils of which the lateral 
branches or the individual flowers stand, and by the development, in 



Fio. 550. —Atavistic form of Iris pallida Lam, ahavia. (After E. Heinbicher.) 

many cases at least, of all the axillary buds. In the case of the 
inflorescences of the Cruciferae, bracts are completely wanting. 

A. The Main Axis geows more strongly than the Lateral Axes 

Inflorescences, like vegetative branch-systems, may be monopodial (cf. p. 22), 
the main axis growing more actively than its lateral branches, or at least as 
actively ; such racemose inflorescences exhibit various forma (cf. diagrams, 
Fig. 552). 

(a) Lateral axes unbranched. 

1. Raceme : stalked flowers borne on an elongated main axis (Fig. 

552^, Fig. 555). 

2. Spike : flowers sessile on an elongated main axis (Fig. 552 Fig. 

553). A spike in which the axis is thickened and succulent is 
termed a spadix: a spike which, after flowering or after the 
fruits have ripened, falls off as a whole is a catkin (Fig. 554). 
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3. Umbel ; a number of lateral axes bearing flowers on a main axis 

which grows to the same length and ends in a flower (Fig. 662 C, 
Fig. 666). 

4. Capitulum or head : flowers sessile on a shortened, and often 

broadened, main axis (Fig. 552 1) (Compositae) Fig. 818). 

(6) Lateral axes branched. 

1. Panicle : an elongated main axis bearing racemes laterally (Fig. 

652 E, Fig. 667). 

2. Compound umbel : an umbel which has small umbels in place of 

the single flowers (Fig. 552 jF, Fig. 756). 


B. The Main Axis grows less strongly than the Lateral Axes 
If the relative main axis is overtopped by the lateral axis each time, the inflor- 



A B 


Pio. 551.— A, Actinoinorphic flower of Gerajihm mngxdnmm. 
Zygomorphic flower of VioUi tricolor. (After A. F. W. Schimpeb.) 
C, Asyrametrical flower of Canna iridijlora ; /, ovary ; k, calyx ; c, 
corolla ; I, lalM^lum ; the other ataininodes ; a, fertile anther ; 
g, stigma. nat. size. After H. Schenck.) 



escence is cymosb. These cymose inflorescences can be divided according to the 
number and position of the lateral shoots into the fleiocuasjum, dichasium and 
MONDCHASIUM. These types of branching have already been described (p. 122), 
and represented; in ground-plan (Fig. 148). There also the monochastal branch- 
systems, the DREPANiUM, and rhipidium, and also the bostryx and cincinnus, 
derived from the dichasium, are sufficiently treated. It is only necessary here to 
represent a typical dichasium (Fig. 568) and a cincinnus (Fig. 669). 


2. Ecology. Pollination of Flowers f) (cf. p. 188).— Many 
differences in the structure of flowers and in the arrangement of 
their organs which would otherwise be doubtful are explained when 
they are regarded ecologically. All flowers have the function of pro- 
ducing progeny sexually ; the methods leading to this common end are, 
however, very various. In contrast to the Bryophy ta and Pteridophyta 
in which the union of the sexual cells is effected by the aid of water, 
the Spennatophyta, which do not separate a motile male gamete, and 

20 
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have the egg-cells permanently enclosed in the tissues of the parent- 
plant, are forced to adopt other methods. Arrangements to convey 
the microspores, enclosing the male sexual cell, to the macrospores, 



Fio. 552.— Dkgrams of racemose inflorescences. A, Raceme. J5, Hplke. (7, Umbel. 

D, Oapitnlum. JK, Panicle. F, Compound umbel. 

enclosed in the macrosporangia and containing the egg-cells, become 
necessary. In the first place the stigma (or micropyle), which is to 
receive the pollen, must be pollinated. 

A large number oj Spermatophyta make use of the wind to convey 
the microspores, ue, the pollen, to its destination. Examples are all 
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the Conifers, and also the majority of our native deciduous trees such 
as the Elm, Oak, Beech, Hornbeam, and farther our Grasses and 
cereals. Simple as the relations in this case appear to be, various 
necessary preliminaries are required for success- 
fully effecting this method of pollination. 

It is especially necessary that such anemo- 
PHILOUS plants should produce a very large 
quantity of pollen, since naturally only a small 
fraction of what is shed 
will reach its destina- 
tion. Thus at the 
season when our coni- 
ferous woods are in 



Fia. 658.— Spike of Plantago 
lanceolata. (After Dc- 

CHARTRE.) 




Fio. 554. —Catkin of Corylus 
amsricana, (After Duchartrb.) 


Fio. 555.— Raceme of Xinarfa 
Rtriata. d, Bracts. (After 
A. F. W. SCHIMPER.) 


flower, large quantities of pollen fall to the ground, constituting what 
are known as “ sulphur showers.*' 


Anemophilous plants exhibit some characters in common, which stand in definite 
relation to wind-pollination and cannot be regarded as merely accidental. The 
MALE INFLORESCENCE has Usually the form of a longer or shorter catkin (Fig. 560) 
which bears a large number of microsporophylls ; these are so oriented that after 
the sporangia have opened, the pollen can be readily carried away by the wind. 
Examples are the catkins of the Oak (Fig. 666), Birch (Fig. 660), Alder, Hazel, 
Hornbeam (Fig. 661), and Walnut ; the catkins of the last-named plant (Fig. 658) 
are especially long. The male flowers of the Coniferae (Fig. 62:.f) are similar. The 
mode of attachment of the anthers of Gramineae on long slender filaments • has the 
same significance (Fig. 561). The pollen-grains of anemophilous flowers also have 
characteristic features. They are light and smooth, and in some Conifers are even 
provided with two wing-like sacs (Fig. 534 D), which enable them to remain sus- 
pended longer in the air. Some Urticaceae Urtica) scatter the pollen qp the 

opening of the elastically-stretohed wcdl of the pollen-sac as a light cloud of dust. 
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The FEMALE FLOWERS are usually not brightly coloured and do not develop 
nectaries. The stigmas, which catch the pollen, are strongly developed and pro- 
vided with long feathery hairs (Fig. 561), or their form is brush-like, pinnate or 
elongated, and filamentous. In many Gymnosperms {e.g, Tajcus) the micropyle 
of the raacrosporangium excretes a drop of fluid in which the pollen-grains are 
caught ; on drying up of the drop, the pollen is drawn down on to the tip of the 
nucellus. In other cases the pollen-grains glide down between the carpellary 


scales of the cones till they reach 
the moist micropyles of the ovules 
and adhere to them. 

Lastly, the time of flowering is 
not without importance. The Elm 
flowers in February and March long 
before its leaves develop, and the 
same holds for the Hazel, Poplar, 
and Alder (Fig. 560). In the Walnut, 
Oak, Beech, and Birch, the flowers 
open when the first leaves are un- 
folding, and flowering is over before 
the foliage is fully expanded. Wore 
this not so, much of the pollen 
would be intercepted by the foliage 
leaves, and even more pollen would 



Fig. 556.— Umbel of the Cherry. 
(After Duchartre.) 




Fig. 557.— Panicle of Yucca filamentosa. 
(After A. F. W. Schimper. Reduced.) 


need to be produced than has to be done to ensure fertilisation. In the Conifers the 
foliage presents less difliculty, but here the female cones are borne at the summit of 
the tree (Abies) or high up (Picea), while the male flowers are developed on lower 
branches. The pollen-grains are shed in warm dry weather, and carried up in the 
sunshine by ascending currents of air till they reach their destination on the 
female cones situated high above the male flowers. 

Only a small number of Phanerogams make use of the agency of water for 
effecting their pollination, and are, on that account, termed hydrophilous 
PLANTS. This applies only to submerged water-plants which do not emerge from 
the medium, e,g, Zostera, Sea wrack, Vallisneria spiralis and Elodea, 

The great majority of Phanerogams are dependent upon animals, 
especially on insects, for the transference of their pollen. Plants 
pollinated by the aid of insects are termed entomophilous. 
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Since Konrad Sprengel in his famous work, Das entdeckte 
Qeheimnis der Natiir ini Bauund in der Bafrucfitung der Blumen^ 1793, 
revealed the mutual relations between the forms and colours of flowers 
and the insects that frequent them, no other department of biology 
has been more actively studied than floral ecology. It is the more 
remarkable that no one had put the question whether the colours seen 
by our eyes were also perceived by the insects in the same way. It 
was difiicult to think of the display of colour in meadow or orchard 
otherwise than as an apparatus of attraction for the visiting insects 



Fio. 558.--Cyino8e inflorescence (dichasium) of Ccrasiiuin Fig. 5b9.—HeUotropium Curassavicum 
coUinum, H"", Successive axes. (After Duchaetre.) Cincinnus. (After BNGLER-rRANTL.) 


seeking the food provided by the nectaries of the flowers, although 
flowers which are not entomophilous may develop bright colours, e,g. 
Coniferae, stigmas of Corylus^ etc. 

We owe the opening up of this question to C. Hess (®). He held 
that bees, the most important visitors to flowers, are colour-blind. 
This view has, however, been contradicted by the investigations of 
Frisch, who has shown that we can at most assume colour-blindness 
for red and green in bees. 

On more accurate investigation of the irritability of bees to various regions of 
the spectrum, Kuhn and Pohl (^) found that the wave-lengths and colours : 1, 
650 - 600/*/a orange, yellow, and yellowish-green ; 2, 510 - 480/4/4 blue-groen ; 3, 
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470 - 400/a/u bluish- violet ; 4, 400 - 313/iiju, ultra-violet were distinguished qualita- 
tively by bees. 

By a series of careful experiments v. FRrscH C) has established extremely 
interesting and intimate connections between bees and their visits to dowers. He 
distinguishes in this respect “searchers ” and “ collectors. ” The searchers discover 
new productive sources of nectar by means of the colours which they perceive at a 
considerable distance, and when closer recognise by their scent the most suitable 
flowers. They communicate their discoveries to their companions in the hive by 
means of characteristic signs and return with one or more collectors to thoroughly 



Fio. 660.— AlniLs glutinose. I, Leaf and flowering twig with erect female and pendulous male 
catkins. Bract with male flowers. 5, Female catkin. 4, Two female flowers with bract. 
5, Fruiting catkin. 6, Fruit. (| natural size ; 2-6 magnified.) 

exploit the place. Fr. Knoll has carried out a series of careful and critical 
observations on other important visitors to flowers ; according to him (®) the 
Humble Bees {Bombylius fuliginosus) like the Bees are colour-blind to red and blue- 
green, and react like them to yellow and blue. 

The researches of Knoll on the Humming Bird Hawk Moth are of special 
interest. This is sensitive to contrasts, and in particular, dark is avoided. The 
significance of honey-guides as showing the way to the insect was studied by 
Knoll by means of the marks made by the proboscis of moths on glass plates 
introduced into the flowers. In the attraction of moths it is the sense of sight 
and not of smell that is effective. Blue, violet, and purple form one group of per- 
ceptions, and yellowish-red another ; an alteration of tone as regards the two is 
possible. 
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An orientation by siglit is also found to hold for the Conyolvulus Hawk Moth 
which flies in the late evening ; it can discover darkly coloured (purple) flowers 
with certainty when it is so dark that a man at the normal visual distance can no 
longer distinguish them. The scent is in this case also not a means of orientation ; 
it is possible in other cases to obtain results from the scent of flowers. 

It is of interest to find that Knoll discovered that the strong faecal odour 
of the inflorescence of Ahum attracted coprophilous insects, especially beetles and 
flies, from a distance. The inflorescence constitutes a trap. The epidermis of the 
spatho and spadix bears oily downwardly directed papillae, which are longest in 
region of the constricted neck ; these afford no grip to tlie insects which slide into 
the lower chamber. On the withering of the papillae the insects are set free on 
the second day covered with pollen 
from the protogynous flowers (c/. 
dichogamy, p. 570). 

While recent investigations 
have enriched and made more 
exact our knowledge on these 
points, the main facts demon- 
strated by Spjiengel and those 
who followed him a humlred years 
later must not be forgotten. It 
is a matter of experience that 
plants which can be grown success- 
fully away from their native 
countries may set no seed in the 
absence of the insect visitors to 
which they are adapted. An 
example is afforded by the Vanilla 
Orchid, which, away from its 
native country, Mexico, requires 
to be artificially pollinated. Such 
facts are so numerous that no 
doubt can be entertained as to the 
adapted ness of flowers to particular 
insects and conversely. 

Usually the position of the 
nectaries is such that the hairy 
body of the visiting insect must 
carry away pollen from the flower ; often the pollen will be deposited on special 
regions of the insect’s body, and, when another flower is visited, will be 
deposited on the stigma. It is of importance that the pollen of such entomo- 
philous plants differs from that of the anomophilous flowers described above. 
Pollen-grains provided with spiny projections, or with a rough or sticky surface, are 
characteristic of entomophilous plants ; the grains may remain united in tetrads 
or in larger masses representing the contents of a whole pollen-sac {Orchis^ Fig. 
861, AselepiaSi Fig. 776). The pollen itself forms a valuable nitrogenous food 
for some insects such as bees ; these form “ bee-bread ” from it. 

An example of a very close relation between floral eonstruction and the body of 
the visiting insect, which was originally described by Konbad Spbengel, is 
afforded by the pollination of Salvia praiemis by Humble Bees. Fig. 562, 1, 
shows a flower of Salvia with a Humble Bee on the lower lip in search of nectar. 
The flower has only two stamens, the two halves of each anther being quite 



Fto. 561 .— Anemophilous flow^er of Festuca elatior. 
(After ScHENCK.) 
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differently developed, and separated by an elongated connective ; the one half- 
anther is sterile and forms a projection in the throat of the corolla-tube, the other 
at the end of the long arm of the connective is fertile and lies beneath the hood 
formed by the upper lip of the corolla. The connective thus forms a lever, with 



Pig. 562.— Pollination of Salvia ^pratcns'is. Explanation in the text. (After F. Noll.) 

unequal arms, movable on the summit of the short filament. When the bee in- 
troduces its proboscis, it presses on the short arm of the lever ; the fertile half- 
anther is thus by the movement of the connective (c) on its place of attachment to 
the filament (/) brought down against the hairy dorsal surface of the insect’s 

body (Fig. f>62, 1, 3). On visiting 
an older flower the insect will 
meet the stigma projecting further 
from the upper lip on the elongated 
style (Fig. 562, 2) (cf. p. 670, 
dichogamy). The stigma is then 
in the position corresponding to 
the depressed half-anthers, and 
will receive with certainty the 
pollen deposited from them on the 
back of the bee. 

In addition to the stimulus of 
hunger, plants utilise the repro- 
ductive instinct of insects for 
securing their pollination. In 
the well-known hollow, pear- 
shaped inflorescences of the Fig 
{Ficus carica^ Fig. 563) there 
occur, in addition to long-styled 
female flowers that produce seeds, 
similar gall-flowers with short 
styles. In each of the latter a 
single egg is laid by the Gall-wasp {Blastojpifiaga), which, while doing this, 
pollinates the fertile flowers with pollen carried from the male-inflorescence 
(the Caprificus). The large white flowers of Yucca are exclusively poll- 
inated by the Yucca moth {Pronuha), The moth escapes from the pupa in the 
soil at the time of flowering of Yucca and introduces its* e‘ggs into the ovary by 
way of the style ; in doing this it carries pollen to the stigma. The larvae of 
the moth consume a proportion of the ovules in the ovary, but without the agency 



Fio. 06B.— Ficus carica. A, Longitudinal section of 
an inflorescence. B, Pertilc-flower. C, Gall-flower. 
D, Male flower. (B-I), <5nlarged ; D, after Kerner ; 
jB, C, after Solms-Lavbach.) 
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of the moth no seeds will be developed, as is shown by the sterility of the plant 
in cultivation. 

On the continent of America and in the tropics of the Old World, ounitiio- 
PHILY (®) plays an important part in addition to entomophily ; in Europe the 
conditions for the origin of bird-pollinated flowers appear to be wanting. For 
according to 0. Poksch it is to the recurring thirst of llower-frequenting 
birds in hot countries that the 


appearance of flowers with consider- 
able quantities of nectar of a thin 
consistency is to bo ascribed. A 
specially remarkable case of adapt- 
ation of this kind is afforded by 
Strelitzia reginaef which is often 
cultivated in green-houses (Fig. 
664). Its three outer perianth 
segments (0 are of a bright orange 
colour ; the large azure-blue label- 
luin {p) corresponds to one of the 
inner perianth leaves, while the 
other two (jp) remain inconspicuous 
and roof over the passage leading 
to the nectary. The stamens (s^) 
and the style {g) lie in a groove, 
the margins of which readily 
separate, formed by the labellum, 
while the stigma {q) projects freely. 
The similarly-coloured and showy 
bird {Ncctarinia afro) flies first to 
the stigma and touches it, then 
secures pollen from the stamens, 
which it will deposit on the stigma 
of the flower next visited. It is 
comprehensible from the researches 
of Hess (p. 565), that many orni- 
thophilous flowers are bright red, 
also sometimes white, dark purple, 
blue, green, etc., since the sensitive- 
ness to colours in birds is similar 



to our own. 

Further research is required on 
the question of the pollination of 
flowers by bats and snails. 


PiQ. 664.“Ornitliophilous flower of Strelitzia reginae 
and a cross-section of its large labellum (j’); ^ 
outer, and p, inner perianth leaves ; g, style and 
stigma ; st, stamens. (From Sohimper, Plant Geo- 


It would seem remarkable ^ ^ ^ 


that such manifold and various adaptations for the conveyance 
of pollen should exist while the majority of angiospermic plants 
have hermaphrodite flowers ; it is known, however, that the 
pollination of a flower with its own pollen (autogamy) may 
result in a poorer yield of seed (Rye) or be without result (self- 
sterility in Cardamine pratemis^ Lobelia fulgens^ Corydalis cava, etc.). 
Cross-pollination (allogamy) must take place when the pollen can 
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only germinate if the stigma is rubbed, as in the case of Laburnum 
vulgare. The insect visit, which as a rule will bring foreign pollen, 


2 . 

Fig. 565.- -Protaiidrous flower of Anthriscus sylvestris. Slightly uagnifled. I, In the nmle, 
g, in the female condition. (After H. MOller.) 

prepares the conditions for germination and excludes the action of the 
flower’s own pollen. In the Orchids the flower’s own pollen has a 

■ directly injurious influence, and when applied 
to the stigma causes the flower to wither. 

Even when there is no self-sterility there 
are many and various conditions which 
render the self-fertilisation of hermaphrodite 
flowers impossible and favour cross-pollination. 
It is obvious that dioecism completely prevents 
self-fertilisation, and that monoecism at least 
hinders the pollination of the flowers with 
pollen from tlie same plant. A similar result 
is brought about when the two kinds of 
sexual organs of a hermaphrodite flower 
mature at different times. This very frequent 
condition is known as dichogamy. There are 
obviously two possible cases of dichogamy. 
The stamens may mature first and the pollen 
be shed before the stigmas of the same flower 
„ ,,, r ^ receptive : such plants are known as 

Fio. 566.—Inflorescence of J*lan- ^ i ^ i ^ i i -i 

tago utiedia with x)rotogynou8 PROTANDROtTS. On the Other hand, the Style 

flowers. The upiw, still closed with its Stigma may ripen first, before the 

s *» a. » 

lost their styles, and disclose PROTOGYNOUS. 
theirelongated stamens. (After 

F. Noll.) Protandry is the more frequent form of 

dichogamy. It oocurs in the flowers of the 
Geraniaceae, Campanulaceae, Compositae, Lobeliaceae, Umbelliferae (Fig. 666), 
Geraniaccae, Malvaceae (Fig. 725), etc. The anthers, in this case, open and 
discharge their pollen at a time when the stigmas of the same flowers are still 
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imperfectly deyoloped and not ready for pollination. In Salvia also (Fig. 562), 
protandry is the necessary preliminary to the cross- pollination. In the less frequent 
riiOTOGYNY the female sexual organs are ready for fertilisation before the pollen of 
the same flowers is ripe, and the stigma is usually pollinated and withered before 
the pollen is shed {Hcrophnlaria nodosa^ Arisiolochia clcmatitis^ Arum maculatum^ 
UellehoruSf Magnolia ^ Plantago^ Fig. 566). 

The effect of hetfrostyly discovered by Darwin is similar. 
According to Tischler this condition can be altered by the condi- 
tions of nutrition. A good example is afforded by Primula sinensis (Fig. 
567). Comparison of the flowers on different individuals shows that 
they differ as regards the position of the stamens and stigma. There 
are long-styled flowers, the stigma standing at the entrance to the 




Fig. !>C>7.--Primuln sinenml two heterostyled flowers from different plants. L, Long-styled, 
K, short-styled flowers ; G, style ; .S anthers ; jP, pollen-grains, and N, sligmatic papillae of 
the long-styled form ; p and n, pollen-grains and stiginatic papillae of the short-styled form. 
(P, Nf p, n, X 110. After Noll.) 

corolla-tube, while the anthers are placed deep down in the tube ; and 
short-styled flowers, the stigma of which stands at the height of the 
anthers, and the stamens at the height of the stigma of the long-styled 
flower. An insect will naturally only touch organs of corresponding 
height with the same part of its body and thus carry pollen between 
the male and female organs of corresponding height. Thus cross- 
pollination is ensured. The relative sizes of the pollen grains [n) and 
stigmatic papillae {p) agree with this cross-pollination. 

The same dimorphic heterostyly is exhibited by Pulmonaria^ Hottonm^ 
Fagopyrurrif Linum^ and MenyarUlus, There are also flowers with trimorphio 
HETEROSTYLY {Lythrum aalicaria, and some species of Oxalis)^ in which there are 
two circles of stamens and three variations in the height of the stigmas and 
anthers. 

In a great number of flowers self-pollination is made mechanically impossible! 
as their own pollen is prevented by the respective positions of the sexual organs 
from coming in contact with the stigma (hsrcogamy). In the Iris, for example, 
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the anthers are sheltered under the branched petaloid style. The pollinia of 
Orchis are retained in position above the stignia ; in Asclepim the five pollinia 
are attached in pairs to swellings of the style by adhesive discs (cf. Fig. 775). 

Sometimes hercogamy and dichogamy occur together. The flowers of 
Aristolochia clermtitis (Fig. 668) are protogynoiis. The conveyance of pollen 
from the older to the younger flowers is effected by small insects. The flowers at 
first stand upright with a widely-opened mouth (Fig. 668 /), and in this condition 
the insects can easily push past the downwardly-directed hairs which clothe the 
tubular portion of the corolla and reach the dilated portion below. Their exit 
is, however, prevented by the hairs until the stigma has withered and the anthers 

have shed their pollen. When this 
has taken place (Fig. 668 /7), the 
hairs dry up, and the insects covered 
with pollen can make their way out 
and convey the pollen to the receptive 
stigmas of younger flowers. 

All these varied and often highly 
specialised arrangements to ensure 
crossing indicate a tendency to favour 
the union of sexual cells which differ 
in their hereditary characters more 
widely from one another than w'ould 
be the case if derived from the same 
flower. The progeny from allogamous 
fertilisation tend to be stronger than 
from autogamous fertilisation. 

In certain plants, in addition to 
the large chasmogamous flowers, 
pollinated by wind or insects, small 
inconspicuous flowers occur wdiich 
never open and only serve for self- 
fertilisation ; these oleistogamous 
flowers (^®) afford a further means of 
propagating the plant, while the plants 
have the opportunity of occasional 
cross- pollination owing to the presence 
of the large chasmogamous flowers. 
Cleistogamy is of frequent or regular 
occurrence in species of Impatiens^ Viola^ Lamium, and Stellariay in Speculariob 
perfoliatay Juncus hufonius, etc. Polycarpon tetraphyllum has only cleistoganious 
flowers. 



Fig. 5G8. — Flowers of Aristolochia dematUis cut 
through longitudinally. I, Young flower in which 
the stigma {N) is receptive and the stamens (S) 
have not yet opened. II, Older flower with the 
stamens opened, the stigma withered, and the 
hairs on the corolla dried up. (x 2. After 
F. Noll.) 


Development of the Sexual Generation in the Phanerogams 

A. In the Gymnosperms a prothallium consisting of a few cells 
is formed on the germination of the MlCROSPORE. This lies within the 
large cell, which will later give rise to the pollen-tube, closely 
applied to the cell-wall ; the nucleus of this cell is marked k in Fig. 
669. The first-formed cell (p) corresponds to the vegetative cells of 
the prothallium. The spermatogenous cell (^), which is cut off 
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last, divides later into the generative cell or antheridium (Fig. 570 
By m)y and a stekile sister-cell {s) adjoining the other prothallial 
cells. It is by the breaking down or the separation 
of the sterile sister>cell, which is termed a dislocator 
cell by Goebel, that the antheridial cell becomes free 
to pass into the pollen-tube. There, or before its 
separation, it divides into two daughter-cells ; these 
are the sperm cells or male sexual cells. 



(a) Cyeadeae 


Fi(i. 5t)9. —Pollen -grain 
of (Hnkgo biloba still 
within the micro- 
sporangium. (See 
text.) (k 300. After 
Sthasiiuroer.) 


In the Cyeadeae and in Ginkgo these male-cells still 
have the form of sperm atozoids, and thus connect directly with the 
heterosporous Archegoriiatae. Their mode of development is shown 



Fio. 570.— Formation of spermatozoids in Zamin floridam. A, Mature pollen -grain (x 800); 
li, C, Dy Stages in the development of the antheridium {B, C x 400 ; D x 200) ; k, nucleus of 
the pollen-tube ; sp, spermatogenous cell ; p, persisting vegetative iprothalial cell growing 
into the sterile sister-celUs) of the antheridiuni (m); e, exine; hi, blepharoplasta which in 1) 
are cromposed of small granules, in the course of forming the cilia. Starch-grains are present in 
the pollen- tube, and in C they are appearing in the vegetative cell and the sister-cell, both of 
which in D are packed with starch. In D the two spermatozoids (sp) derived from the 
antheridium are seen divided from one another by a wall. (After H. J. Wkuber.) 

for Zamia in Fig. 570. The description of the figure deals with the 
details. As is further shown in Fig. 571 (a) the two spermatozoids 
remain for a time back to back attached to the sister -cell of the 
antheridium ; after their separation (6) they round ofT, the anterior end 
being provided with a spirally-arranged crown of cilia by means of 
which they are capable of independent movement (Fig. 572). 
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The female cones of Zamia 
hexagonal, shield-shaped, terminal 


bear numerous sporophylls, the 
expansions of which fit closely 
together. Each sporophyll bears 
a pair of macrosporangia. The 
macrosporangium consists of the 
nucellus and an integument. 
The micropyle forms an open 
canal above the tip of the 
nucellus. At the period during 
which the male-cones arc shed- 
ding their pollen, the macro- 
sporophylls become slightly sepa- 
rated from one another so that 
the wind-borne pollen-grains can 
readily enter. A more or less ex- 
tensive cavity (pollp:n-chamber, 
Fig. 573) has by this time been 
formed at the apex of the 
nucellus, while the disintegrated 
cells, together perhaps with fluid 
excreted from the surrounding cells of the nucellus, have given rise 
to a sticky mass which fills the micropylar canal and forms a drop at 
its entrance. The pollen-grains reach this drop, and, with the gradual 



Fig. 571.— Upper end of the pollen-tube of Zamia 
Jloriduna, showing the vegetative prothallial 
cell OOi the sterile sister-ccll (s), and the two 
spermatossoids. a, Before movement of the 
siMjrmatozoids has commenced ; 6, after the 
beginning of ciliary motion ; the prothallial cells 
are broken down and the separation of the two 
sperrnatozoids is taking place, (x circa 75. After 
H. J. Webber.) 



Fig. 572.— Zamia floHdana. Mature, free- 
swimming spermatozoid. (x 150. After 
H. J. Webber.) 



P’ 10 . 673.— Longitudinal section of 
a young macrosporangium of 
Ginkgo biloba. m, Micropyle ; i, 
integument ; p, pollen-chamber ; 
e, embryo-sac ; w, outgrowth of 
sporophyll. (x 36. After 
Coulter and Chamberlain.) 


drying up of the fluid, are drawn through the micropylar canal into 
the pollen-chamber. 

During the development of the pollen-tube and the formation 
of the motile sperrnatozoids (Figs. 570, 571), the embryo-sac, filled 
with the prothallial tissue, is increasing in size within the nucellus. 
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As in the Coniferae (Fig. 580), the embryo-sac arises by the tetrad 


Pig. 574.— Diuon edtUe, Upper portion of the niiceilns at the period of fertilisation. The pollen- 
tubes have grown down from the pollen-chamber through the nucellus after becoming 
attached by lateral outgrowths. They have reached the archegouial c hamber and two of 
them have already liberated their contents. Two large archegonia with projecting neck-cells 
are present. (After Chambxrlain.) 

division of an embryo-sac mother-cell which usually crushes the 
other sporogenous cells, as in the case of the macrosporangium of 
Selaginella, Of its four daughter -cells only one persists as the 
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embryo-sac. The tissue of the upper portion of the nucellus dis- 
appears and the embryo-sac thus approaches the base of the pollen- 
chamber. At the apex of the embryo -sac are found the large 
archegonia, usually four in number, and separated from one another 
by some layers of cells. Each archegonium has a neck, and ultimately 
cuts off a ventral canal-cell. The archegonia are situated at the base of 
a depression in the prothallium, the archegonial chamber (Fig. 574), 
which in Dioon is about 1 mm. in depth and 2 mm. across. The pollen- 
tubes grow into this depression and, perhaps with the co-operation of 



Fjq. 676 . — Zamia floridana. An ovum im- 
mediately after the fusion of the nucleus 
of a spormatozoid with the female 
nucleus has taken place. The ciliary 
band of the spermatozoid remains in 
tlie upper portion of the protoplasm 
of the ovum. A second spermatozoid 
has attempted to enter the ovum, 
(x 18. After H. J. Webber.) 



Fio. 576.— Two young pro-embryos 
of Dioon edvle showing their 
relation to the archegonial 
chamber. S, suspensor; e, em- 
bryo. (After Chamberlain.) 


the prothallial and dislocator cells, liberate their spermatozoids together 
with a drop of watery fluid in which they swim. The spermatozoids 
require to narrow considerably in order to pass through the space be- 
tween the neck-cells. The spermatozoid strips off* the ciliated band on 
entering the protoplasm of the egg, and its nucleus fuses with that of 
the latter. The nucleus of the fertilised ovum (Fig. 575) soon divides, 
and the daughter-nuclei continue to divide rapidly, until after the 
eighth division there are about 256 free nuclei within the cell. These 
are crowded towards the lower end of the fertilised egg, where cell- 
walls commence to form between them. 

The so-called pbo-embryo is thus formed (Fig. 576), at the 
growing end of which the embryo develops from relatively few cells. 
The cells farther back elongate greatly and as a suspensor carry the 
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embryo into the protliallus. This in Spermatophytes is termed the 

ENDosPiaiM and serves as a nutritive tissue fo7* the growing embryo. 

The latter ultimately develops, at the end 

directed into the prothallus, two large 

COTYLEDONS between which is the rudi- /T^ 

ment of the afucal bud or plttmule. The j i v ^sp 

region of the stem ])elow the cotyledons is I 

termed the iiypocotyl ; it passes gradually h fi-/"" /V \ V 

into the main root or RADICLE, which is 

always directed towards the micropyle. ^y/ 


(b) Coniferae 


The development of the microspores of 
the Coniferae when they germinate differs Fio. 577 .— roiien. grain ot Aramaria 

from the process described a>)ove. The with a muiticeiiuiar 

. prothallus 0>c, ;«■!) and the an ill er. 
prothallial cells, the number of which in idium (generative eell, sp) in pro. 

the ancient genus Araucaria (Pig. 577) cess of division nucleus of the 

1 <-1 ° • i-l xi, n 't pollen -tube. (After L. Burlin- 

is larger than in the other Coniferae ^ (.jg ) 

and the Cycadeae, soon collapse (Pig. 

578 Ay B\ and the male cells never have the form of spermatozoids. 
The division of tlie spermatogenous cell produces in Araucaria the 



Fio. 678. — Development of tlio pollen.tnbe. 11^ Pinus kiricio (x 800. After Coulter and 
Chamberlain). C, Picea excelm{x 250. After Miyake), p, Remains of the prothallial cells ; 
sp, siMjrmatogenous cell ; in, anthoridium (generative cell) ; s, its sterile sister-cell ; g, sperm- 
nuclei of unequal size in a common protoplasmic body ; \\ pollen -tube-nucleus. 


sterile cell (Goebel^S dislocator cell) and the antheridial cell which is 
set free by the breaking down of the former. It gives rise to two 

2p 
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sperm-nuclei which are at first of equal size and enclosed in a common 
protoplasmic mass ; it appears, however, that one of them gradually 
diminishes in size and disappears. This lias become the rule in the 
Taxaceae. As Fig. 579 shows, Tirrreya iaaifolia, one of this group from 
North America, contains in its pollen-tube besides the tube nucleus {Ic) 



Fin. 579,— Tomya taxi/olia. Longitudinal section of a female-prothalliis with a large egg-cell and 
its nucleus (on.); and the small venlral-canal-cell (d). The end of a pollen-tube has entered 
alK)ve and contains the nucleus of the iJOllen-tube (A), that of the sterile sister-cell (s) and 
two sperm-cells of which only the larger is functional. (After ('oulter and 

Land.) 

and the sterile sister-cell (s), a large functional sperm-nucleus (sp^), 
along with an infertile sperm-nucleus (sp^) less than half its size ; each 
of these has its own protoplasmic investment. The difference in size 
is still more striking in Taxus. While all the Cupressineae have two 
equal sperm-cells, the Abietineae, like the Araucarieae and Taxaceae, 
have two unequal sperm-nuclei in a common protoplasmic mass (Fig. 
578). Only the larger, which is nearer the tip of the pollen-tube, is 
fertile. 
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As a rule the macrosporophylls bear two macrosporangia. The 
single mother-cell undergoes a tetrad division (Fig. 580), and of the 
four resulting cells only one develops into an embryo-sac (macrospore). 
This, as it increases in size, first crushes its sister-cells and later the 
whole sporogenous complex of cells. Meanwhile, by the repeated 
division of the nucleus and protoplasm, the niacrospore becomes filled 
with the tissue of the prothallium (Fig. 581). The archegonia are 
formed at the apex of the prothallium ; each consists of a large ovum 
and a short neck. As in the Pteridophytes, a small ventral-canal-cell 
is cut off from the egg-cell shortly before fertilisation (Fig. 582). 

The process of fertilisation may be illustrated by Torreya tanfolia. 
The tip of the pollen-tube after 
breaking down the overlying wall 
enters the egg-cell and tlie fertile 
sperm-nucleus becomes applied to 
the nucleus of the egg, while the 
protoplasm of the sperm- cell still 
surrounds the two nuclei. The rest 
of the contents of the pollen-tube, 
as represented ip Fig. 579, become 
compressed in the upper portion of 
the egg-ccll. A later stage of the 
fusion of the two sexual nuclei is 
shown for Picea excelsa in Fig, 584 A. 



Fia. bS{),—Ttixiis haccaia. Longitudinal section 
tlirougli the sporogenous tissue, showing an 
embryo-sac mother-coil which has under- 
gone the tetrad division ; three of the facul- 
tative inacroapores are degen »5rating, while 
the fourth is undergoing further develop- 
ment. <x ibO. After Strasburger.) 


Ill some cases (perhaps indeed in all 
Cycadeao and Coniforae) the union of the 
nuclei is far more complicated than has 
lieen hitherto assumed to be the case. 

Thus ill Abies halsamea, as described by 
Hutchinson, each of the two nuclei after 
they have joined undergoes a division, in which the haploid number of chromosomes 
can be recognised. The chromosomes become associated in pairs, this corresponding 
to the true fusion, and present an appearance similar to that seen in the diakinesis 
stage of the heterotypic division. By a transverse division of each pair and a 
separation of the two longitudinal halves, the requisite diploid number is estab- 
lished. According to Chambeiilain the Cycad Stangeria follows the same scheme. 

The development of the embryo from the fertilised ovum presents differences in 
the several genera, and the following description applies to the species of Finns 
(Fig. 684). 

By two successive divisions of the nucleus four nuclei are formed which pass to 
the base of the egg-cell, where they arrange themselves in one plane and undergo 
a further division ((7). Cell- walls are formed between the eight nuclei to give rise 
to an eight-celled pro-embryo. The cells form two tiers, those of the upper tier 
being in open communication with the cavity of the ovum. The four upper cells 
then undergo another division (A’), and this is followed by a similar division of the 
four lower cells (t?). The peo-kmbiiyo thus consists of four tiers, each containing 
four cells, the cells of the upper tier being continuous with the remaining portion 
of the ovutn. In the further development of the three lower tiers, the colls of the 
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Upper tier, termed the rosette (Fig. 585 r), become sei)arated from the egg-cell by a 
thickened basal wall (Fig. 585 p). The middle tier elongates to form the suspensou 
(Fig. 584 /, s)y ]>usliing the terminal tier, from which the embryo will arise, into 
the tissue of the prothalliiim or endosperm ; the cells of the latter are filled with 
nutritive reserve-material. 

Accortliiig to recent investigations by IkrcHiioLZ the suspcnsor-eells bearing the 
potential embryos always separate from one aiiotlier in Pinna (Fig. 585), so that 
every fertilised archegoniurn gives rise to four embryo.s. Since several archegonia 
are, as a rule, fertilised, the result is a well-marked polyembryony. The suspensor- 
cells do not undergo any transverse divisions ; the uppermost cells of the embryos 



Fig. 581. —Median longitudinal section of an ovule of IHcea extxlm at the period of fertilisation, 
c, Embryo-sac filled with the prothalliuin ; a, archegoniuin showing ventral (a) and n(fck portion 
(«) ; 0 , egg-cell ; 71, nucleus of egg-cell ; nr., nucellus; p, pollen-grains; t, pollen-tube; i, 
integument ; «, seed-wing. ( x 9. After Strasburger.) 

develop as embryonic tubes and contribute to the elongation initiated by the 
suspensor. The embryo w'hioh has thus penetrated furthest into tlie nutrient 
prothallial tissue is the successful one in this competition and remains as the 
single embryo of the seed. 

The splitting of the embryos takes place at about the same period of develop- 
ment in Pinus and Cedrus, while it occurs somewhat later in Tsvga. In Abies^ 
Picea, LariXf and Pscudotsnga no splitting takes place, and a single embryo is pro- 
duced from each fertilised archegoniurn. This then has the segmentation already 
described for the Cycadeae, but the number of cotyledons in the Coniferae, 
and especially in the Abietineac, is frequently greater than two. 



niv. n 


SPKRMATOPHYTA 


581 


(e) Gnetineae 

The hist Order of Gym nos perms, the Gnetineae, exhibit a peculiar and 



Fia, 582. Longitudinal SHc-tion of the apical portion of an embryo-sac of Picea excdsa showing two 
arehegonia ; bkz, ventral -canal-cel I ; on, nucleus of egg-cell ; v, vacuoles containing aUmminoiw 
material, (x 80. After Strasburqer.) 

isolated course of development. The niicrospores in their development and 
germination show rto essential differences from 
those of other Gymnosperms ; the separation 
of the sperm -cells is, however, less clear 
and sometimes wanting (as has been shown 
above for the Cupressineae), in that two similar 
nuclei lie in a common protoplasmic investment. 

The macrospores show more marked peculiarities. 

The macrospores of E'phedra and Welvntschia 
have well -developed prothallia. Ephedra forms 
arehegonia which on the whole resemble those 
of the Coniferae. Welwitschia has elongated 
cells with 2-5 nuclei which grow from the 
summit of the prothallus into the tissue of 
the nucellus towards the entering pollen-tubes. 

Their significance as arehegonia is rendered 
more probable by the venter-like basal enlarge- 
ment. In Gnetum (Fig. 686) no prothallium is 
formed, but the embryo-sac becomes filled with 
protoplasm in which are numerous nuclei. Each 
of the two sperm-nuclei from the pollen-tube fuses with a female nucleus, and 

2 P 1 



Fiu. 588. Fertilisation in Terreya taxi- 
folia. (After Coulter and Land). 
Description in text. 
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ondosperm-formalioD then begins. The entrance of botli tl.e male nuclei here 
must be considered in relation with the “double fertilisation” in Angiosperms. 



Fig. 684.— a B, Picea excdsa(x 7.3, after K. Miyakk). C-/, Finns laHcio(C~G x circa 200, after 
N. I. Kildahl; /f, / x 104, after Coulter and Chamberlain). Description in the text* on 
nucleus of ovum ; spi sp2, sperm- nuclei ; a, suspensor. ’ ’ 


Of all the young embryos resulting from the penetration of a number of pollen- 
tubes to the embryo-sac only one continues its development. 

B. Angiosperms (1^) 

(a) The miorospobbs of Angiosperms before they are shed from the 
pollen-sac form a generative cell (antheridium) (Fig. 687 J, m) which 
is clearly delimited from the large pollen-tube cell, but is not enclosed 
by a cell-wall. It becomes separated from the wall of the pollen- 
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grain, and at the time the pollen is shed appears as a spindle-shaped 
structure in the centre of the microspore beside the vegetative nucleus 
(k). When the pollen-grain germinates on the stigma it passes into 

the pollen-tube, and its nucleus sooner or 



later divides into two sperm-nuclei (g) 
which lie free in the protoplasm within 
the pollen-tube without being enclosed in 
a common mass of protoplasm. They 
are of an elongated oval or ellipsoidal 
shape and pass one after another down 
the pollen-tube. The nucleus of the 
polleii-tube (k) is usually visible in the 
neighbourhood of the sperm-nuclei. The 
absence of the small prothallial cells, and 
of a sterile sister-cell of the antheridium, 
as well as the absence of a cell-wall from 
the antheridium, and lastly the presence 
of naked sperm-nuclei instead of sperm- 
cells in the pollen-tube, are points in which 
the Angiosperms differ from Gymno- 
sperms. The appearance of two sperm- 
cells, which was first observed by Herrig 



Fig. 585.— Further developed embryo of 
Pinuit Bankiiana, s, Suspensor ; e, 
primary embryonic tubes ; r, rosette ; 
jj, basal wall, (x 80, after J. T. 
Bochholz.) 


Fig. 580.— Apex of the embryo-sacof 

Itumphmnum shortly before the develop- 
ment of the female -cells, wk, Female- 
nuclei; mk, male-nuclei ; PK^ pollen-tube- 
nucleus ; / s, pollen-tube. 


in artificial germinations of pollen-grains of Monocotyledons, has 
since been shown by Wyllie to occur on normal germination 
of the pollen of Vallimeria spiralis, and by Finn to occur in 
Asdepias cormUi and two species of Vincetoxicum. It is thus more 

2P2 
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wide-spread both among Monocotyledons and Dicotyledons than had 
been thought. The fact that according to Euhland and Wetzel 
chloroplasts are present in the sperm-cells has important bearings on 
some genetic problems. 

(b) Macros i»OREs (^^). — The characteristic diflerences which the 
Angiosperms show from the general course of development of the 



Fia. 687.--Polleii-graiTi of Liliuin Martagon and its germination, fc, Vegetative nucleus of ilie 
pollen-grain ; m, antheridiuni ; j/, sperm-nuclei, (x 400. After Strasburgkr.) 

MACROSPORANGIUM in the Gymnosperms commence with the cell- 
divisions in the single, functional, macrospore-mother-cell resulting 
from the tetrad division (Fig. 588, 1-5). The “primary nucleus of 
the embryo-sac’’ divides and the daughter -nuclei separate from one 
another. They divide twice in succession, so that eight nuclei are 
present. After this, cell -formation commences around these nuclei 
(Fig. 588, 6-8). Both at the upper or micropylar end of the embryo- 
sac and at the lower end three naked cells are thus formed. The two 
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remaining “ POLAR nuclei ” move towards one another in the middle 
of the embryo-sac, and fuse to form the “secondary nucleus of 
the erabryo-sac.’* The three cells at the lower end are called the 
ANTIPODAL CELLS ; they correspond to the vegetative prothallial cells, 
which in the Gymnosperms, including Gneturrij fill the cavity of the 
macrospore. 

The three cells at the micropylar end constitute the “egg 



Fio. 588.— Devftlopiiient of the einbryo-sac in Polygonum dimricatum. in, Mother-cell of the 
embryo-sac ; emb, einbryo-sac ; st, sterile sister-cells ; f, egg-cell ; s, synejgidae ; p, jwlar 
nuclei ; a, antipodal cells ; k, secondary nucleus of the embryo-sac ; cha, chalaza ; mi, micro- 
pyle; ai, ii, outer and inner integuments; fvn, funiculus. (1-7, x 820; 8, x 135. After 
Strasburoer.) 

apparatus” (Fig. 590), Two of them are similar and are termed 
the SYNERGIDAE, while the third, which projects farther into the 
cavity, is the egg-cell or ovum itself. The synergidae assist in the 
passage of the contents of the pollen -tube into the embryo -sac. 
Here also the process of reduction has gone as iar as possible; in 
place of the more or less numerous archegonia of the gymnospermous 
macrospore only a single egg-cell is present. The synergidae may 
either be regarded as archegonia which have become sterile or, with 
Treub and PoRSCH, as neck-cells of an archegonium transformed 
to the egg-apparatus (Fig. 590). 
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The type of embryo-sac development described above may be regarded as 
normal for the Angiosperms and be termed with (tOEBEL the eight-nucleus 
type. Many plants, however, exhibit other developments of their macrospores. 
Tliese have been summarised and discussed by Rutgers. 

Goebel regards the various other types of development and the resulting types 
of embryo-sac as variants of the eight-nucleus type. In Lilium the division 



Fta. 689.-- Ovary of Polygonum Convol- 
vulus with an atropoua ovule. (Dia- 
grammatic.) >, Stalk -like base of 
ovary ;/it, funiculus ; c/ia, chalaza ; nu, 
nucellus ; wi, micropyle ; ii, inner, ie, 
outer integument ; e, embryo-sac ; el-, 
nucleus of embryo-sac ; et, egg-apjmr- 
atus ; an, antii>odal cells ; g, style ; n, 
stigma ; p, pollen-grains ; ps, pollen- 
tube. (x 48. After ScHBNcK.) 


of the macrospore-mother-cell is omitted, 
so that it becomes converted directly 
into the embryo-sac, in which the re- 
duction-division takes place ; this is 
termed by Goebel a coeno-macrospore, 
corresponding to the four ])Ossible 
macrospores. Eight nuclei may be 
formed in this embryo-sac {Lilium)^ or 
the process may go further and there’ 
may bo sixteen nuclei as in Peperomia^ 
the Penaeaceae, Paphorbia procera, etc. 
Variants leading to a diminution in the 
number of nuclei are more common. 
Thus Pedilanthus has five nuclei ; four 
nuclei are present in the embryo-sacs 
of Oenothera and Codmcum after a 
normal tetrad division of the mother- 
cell, in Cijpripcdmm after a single 
division, and in Hclosis without 



Fio. 690.— Funkia ovata. Apex of nucellus, 
showing part of embryo-sac and egg- 
apparatus before fertilisation ; o, egg-cell ; 
s, synergidae. (x 390. After Stras- 

BURUER.) 


precedent division of the mother-cell. These four nuclei may give rise to the 
ovum, one synergida and polar nuclei ; or, as in the embryo-sac of Plunibagella^ 
which arises without division of tlie mother-cell, to the egg-cell, polar nuclei, and 
one antipodal cell. As a rule the micropylar end of the embryo-sac, as the more 
important, shows less reduction than the chalazal end. No explanation can be 
suggested for the reduced development in these cases. In the Podostemaoeae, 
which, so far as an embryo-sac can be recognised in them, have the four-nucleus 
type, this may {>erhaps be explained by their peculiar conditions of life ; these , 
plants grow in rapidly flowing streams of tropical mountains, and only a short,’ 
dry period ie available for pollination and the development of the fruit. I,t 
appears impossible to draw any conclusions as to the systematic position 6f 
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plants from the type of construe tioii of llieir embryo-sacs (see further 
SCIINAIIF 


The microspores, which cannot reach the macrospore directly, 
germinate on the stigma (Fig. 589). Tlio pollen-tube penetrates for 
the length of the style, and as a rule the tip enters the micropyle 
of an ovule and so reaches the apex of the nucellus. This most usual 
course of the pollen-tube is termed pouogamy, but many cases of 
departure from it have become 
known of recent years. 


TiiEUB first sliowcd in Casuarina 
that the pollen-tube entered the ovule 
by way of the chalaza, and thus reached 
the peculiar sporogeiious tissue, whicli 



•’ro. 691.— Loiif^itudinal section of an ovary of 
Juglans regia to siiow tlie cltalazogarny. 
Pollen-tube ; e, embryo-sac ; cft-a, chalaza. 
(Somewliat diagrammatic, x 6.) 



Fio. 692. -—A, Embryo-sac of IJelianthns 
annuue (after Nawaschin). 2#, The male 
nuclei more higlily magnified. Pollen- 
tube ; $ 1 , .« 2 , synergidae ; spi, male 
nuclei ; ov, egg*'cell ; ek, nucleus of em- 
bryo-sac ; a, antipodal cells. 


in this case develops a number of macrosiwres, or embryo-sacs. CuAbAZOGAMY, 
as this mode of fertilisation is termed in contrast to ponooAMY, has since been 
shown to ocour in a large number of forms. These belong to the Casuarinaceae, 
J uglandaceae, Betulaceae, Ulmaceae, Geltoideae, Urticaceae, Cannabinaceae, and 
Euphorbiaceae, which all have the common character of the pollen-tube growing 
within the tissues, and avoiding entrance by tlie micropyle. This in some cases 
(Urticaceae) becomes closed or, as in the Euphorbiaceae, is c.wered by the obturator. 
The pollen-tube makes its way to the embryo-sac sometimes from the.chalazal end 
(Fig 691) and sometimes from the side of the ovule, penetrating the tissues that 
lie between it and the egg-apparatus. Since, according to the opinion of many 
authors, the families mentioned above stand at the lower end of the series of 
Dicotyledons where a connection with the Gymnosperms might be looked for, 
this type of fertilisation may be regarded as departing from the behaviour of the 
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more numerous porogamic Augiospernis and appruxirnatiug to the original 
relations in Gymnosperms. In the latter the whole overlying tissue of the 
nucellus has to be penetrated by the ])olleii*tube to reach the embryo»sac (Fig. 
581, cf. also p. 619). Nawasciiin further shows tliat there are also indications 
in the development of the contents of the pollen-tube that tliese forms arc at a 
lower stage than the majority of Angiosperms. In Juglans tlie two male nuclei 
remain enclosed by a common i>rotoplasinic mass which even enters the embryo- 
sac ; it then gradually disa)>pears and the naked nuclei emerge and fulfil their 
respective functions. Probably, however, the above named families arc reduced 
rather than constituting, as these investigators assume, an ascending series. 
The phenomena are consistent with both views. 

When the pollen-tube, containing the two sperm-nuclei, has reached 
the embryo-sac, its contents escape and pass by way of one of the 
synergidae to the ovum ; this synergida dies. One of the two 
male nuclei fuses with the nucleus of the ovum, which then becomes 
surrounded by a cellulose wall. The second male nucleus passes the 
ovum and unites with the large secondary nucleus of the embryo-sac 
to form the definitive nucleus of the embryo-sac or the endospkum 
NUCLEUS (Fig. 092). Both the male nuclei are often spirally curved 
like a corkscrew, and Nawaschin, who first demonstrated the 
behaviour of the second male nucleus, compares them to the spernia- 
tozoids of the Pteridophyta. The further development usually 
commences by the division of the endosperm nucleus (^^). If each 
nuclear division is followed by a cell-wall the process may be termed 
a cellular endosperm-formation; this is found in many Compositae, 
Solanaceae, Primulaceae, Aponogeton, Fotamogeioriy etc. (Fig. 593). 
If on the other hand a large number of nuclei lying in the layer of 
protoplasm lining the walls are first formed, and then cell- walls are 
simultaneously produced, the endosperm-formation may be termed 
nuclear (Fig. 594), Only when the endosperm has developed does 
the further formation of the embryo in the way first described by 
Hanstein take place (Figs. 595, 596). 

The distinctive feature of the development of the endosperm in 
Angiosperms from the prothallus of Gymnosperms lies in the 
interruption which occurs in the process in the case of the endosperm. 
In the embryo-sac, when ready for fertilisation, only an indication of 
the prothallus exists in the vegetative, antipodal cells. The true 
formation of the endosperm is dependent on the further development 
of tlie embryo -sac, and waste of material is thus guarded against. 
The starting-point of this endosperm-formation is given by the 
secondary nucleus of the embryo-sac, which needs to be stimulated 
by fusion with the second male nucleus to form the endosperm 
nucleus, before it enters on active division (cf. Gnetaceae). 

From the fertilised ovum, enclosed within its cell-wall, a pro- 
embryo consisting of a row of cells is first developed ; the end cell 
of this row gives rise to the greater part of the embryo. The 
rest of the pro-embryo forms the SUSPBNSOR. Between the embryo 



SPEHMATOPHYTA 


and suspcnsor is a cell known as the hypophysis (Fig. 595), which 
takes a small part in the formation of the lower end of the embryo. 
The segmentation of the embryo presents differences according to 
whether the plant belongs to the Monocotyledons or Dicotyledons. 
In the latter, two cotyledons are formed at the end of the 

GROWING EMBRYO (Fig. 595 D\ AND THE GROWING POINT OF THE 
SHOOT ORIGINATES AT THE BASE OF THE DEPRESSION BETWEEN 
THEM. M0NOCOTYJ.EDONS, ON THE OTHER HAND, HAVE A S1N(3LE 
LARGE TERMINAL COTYLEDON, THE GROWING POIN'I’ BEING SITUATED 
LATERALLY (Fig. 596). In both cases the root is formed from the 
end of the embryo which is directed towards the micropyle; its 
limits can be readily traced in older embryos. 








Fig. 593.— Cellulur forma- 
tion of the endosperm in 
A ggerat u m meMcnn um. 

(After O. pAMUiUKKN.) 


Fio. 594.— Nuclear fonnation of tlie endosperm of Itemla 
odorata, (After B. Strahhitrger.) 


After fertilisation a considerable accumulation of reserve -materials is necessary 
in the embryo-sac both for the development of the embryo and for its future 
use. It is thus of importance that a means of transfer of these materials 
should exist. In the simplest cases the endosperm simply enlarges, crushing the 
surrounding tissues of the nucellus ; often the anti|)odal cells, which are the 
structures which lie nearest to the chalaza, are entrusted with the functidn of 
nourishing the embryo-sac. They then increase in number and sometimes undergo 
considerable further development. Other portions of the embryo-sac may grow 
out as long haustoria which sometimes emerge from ihe micropyle and some- 
times penetrate the tissue beneath the chalaza. tii some cases,* especially in 
insectivorous and semi-parasitic plants, a 8i»ccial store of reserve-material is laid up 
in this position for transference to the macrospore (Fig. 597). 

In some cases plants have more or less completely lost the 
capacity for sexual reproduction, which has been replaced by other 
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modes of reproduction that can often be distinguished only by 
careful investigation. Thus in some plants, e,g. Alchemilla, lluilictrum, 
Taraxaamif some Urticaceae, etc., no reduction division takes place in 
the development of the embryo-sac. Tlie “ egg-cells are thus not 
capable of being fertilised ; they are not normal sexual cells but 
possess the character of vegetative cells. Such diploid “egg-cells^’ 
are able to develop without a precedent nuclear fusion, and in connec- 
tion with this (or as its cause ?) the pollen is usually sterile. In order 
to maintain agreement with zoological terminology, this phenomenon, 
e.c. the further development of an egg-cell without fertilisation, may 
be termed parthenogenesis. 

Since in the above cases the egg-cell was diploid, the phenomenon. 



of Alisma Plantago. c, 

Pia 695.~Stages in the development of the embryo of Capsella hursa Cotyledon ; v, growing 
pastoris (A-D). li, Hypophysis ; et, suspensor ; c, cotyledons ; p, point. (After Hanstein, 
plumule. (After Hanstein, magnitied.) magnified.) 

may be spoken of as “ somatic parthenogenesis.” Generative partheno- 
genesis, i.e, the further development of true haploid egg-cells without 
fertilisation, is not known among Spermatophyta. 

Apogamy is to be distinguished from parthenogenesis. The 
development of haploid cells of the embryo sac, such as the synergidae 
or the antipodal cells, to produce an embryo would be termed 
“generative apogamy.” The development of embryos from diploid 
cells of the nucellus, as in Funkia (Fig. 598), Citi'vs aurantiurriy etc., 
or the experimentally induced adventitious embryos of Haberlandt 
(17a) would be “somatic apogamy.” Possibly in this case the term 
“ micellar embryony ” would be preferable. 

Lastly, by “ apospury ” is to be understood the origin of gameto- 
phytes from tissue of the sporophyte without the presence of spores. 
Such a case of apospory is clearly shown in Fig. 599. A large vege- 
tative cell, outside the nucellus, though close to it, crushes the 
macrospore-mother-cell which has already divided into four and en- 
larges greatly, behaving like an embryo-sac. Tliis “ egg-cell ” is natur- 
ally diploid and forms an embryo without being fertilised. 
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According to the investigations of Ostknfelp and Rosen be no, the genus 
Hicradum is of sj>ecial interest, since the formation of the embryo within the 



Fio. 697.— Haustoria of the embryo-sac of MeloMpyrum nmoromm (after Balicka-Iwanowska). 
h, Haustoria of the chalazal end ; c, nutritive tissue ; d, branch of the vascular bundle ; e, 
fUnicle ; /, embryo; g, the suspenaor; a, a„ ^anstorlal tubes arising early from the micro- 
pylar end, spreading widely in the funicle and sometimes penetrating the epidermis ; h, the 
base of attachment of these ; i, cross-walls in the tubes. 

ovule may commence in very various ways. In most cases a tetrad formation 
accompanied by a reduction-division takes place, but only some of these ovules are 
found to have a normal embryo-sac capable of fertilisation ; as a rule this is dis- 
placed by a vegetative cell which develops into an embryo-sac apoaporously 
(Fig. 599). In exceptional cases embryo-sacs with parthenogenetic egg-cells are 
formed. 
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The Seed (i®) 

The entire structure developed from the ovule after fertilisation 
is termed the seed. Every seed consists of the more or less advanced 
EMBRYO developed from the fertilised ovum, the endosperm surround- 
ing the embryo, and the protective seed-coat. The seed-coat is 
always derived from the integument or integuments ; their cells, by the 
thickening, suberisation, and lignification of the walls, give rise to an 
effective organ of protection against drying and injury for the dormant 
young plant within. A special development of the epidermis of the 
seed into mucilage-cells is of frequent occurrence (Quince, Linum, 


ac 




Fio. 598. — Vegetative formation of embryon in Fimkia ovata. n, Nuc('llns with cells in process 
of forming the rudiments (ae) of the adventitious embryos ; S, synergida(' ; E, egg-cells, in 
the llgure on the right developing into an embryo ; n, inner int(*gnnieT»t. (After Stbasburoer.) 

many Cruciferae, etc.). The mucilage serves as a first means of 
fixation in the soil and also retains water which is necessary for 
germination. Such other features of the surface as hairs, prickles, 
etc., have usually the former function, if they do not stand in relation 
to the distribution of the seed. 

Points of morphological importance in the seed-coat are (1) the mioropyle, (2) 
the HJLUM ( = place of attachment to the funicle), and (M) the iiaphe. From what 
was said above (p. 647) it follows that the micropyle and hilum will lie at opposite 
poles of the seed when the ovule is atropous. In seeds derived from anatropous 
ovules {i.e. those in which the funicle lies along one side of the ovule, which is 
bent round at the chalaza) the hilum and micropyle arc close together. Only seeds 
of this kind possess a raphe connecting the hilum and chaiazal region. Campylo- 
tropous ovules develop into seeds resembling those derived from anatropous ovules, 
but the embryo is curved. 

In some cases the function of the seed-coat is modillcd owing to the protection of 
the seed or seeds being undertaken by the pericarp ; this or its innermost layers 
are developed as sclerotic cells and form the stone of the drupe or shell of the 
nut (cf. p. 596 If.). In such cases (e.g, Almond, Cherry -Laurel, Cherry, Pepper, etc.), 
since any special develoj^ment of the seed-coat is unnecessary, it tends to become 
reduced; its cells do not thicken or modify their walls and the various layers 
become simply compressed. 

The nutritive tissue in the seeds is developed, in the case of 
Gymnosperms (except in Onetum), by the time of fertilisation and 





Div. n 


SPERMATOPHYTA 


593 


constitutes the prothallium (cf. p. 574 ff.). This fills the embryo-sac and 
nourishes the embryo, which grows down into it. The surrounding 
tissue of the nucellus becomes crushed so that the embryo-sac extends 


to the seed-coat. The cells of 
the endosperm are packed with 
reserve-materials (starch, fat, 
proteid), and these are utilised 
in the further development of 
the embryo ; this takes place 
on germination, usually after 
a period of rest. 

The nutritive tissue in the 
Angiosperms (and of Gnetum) 
arises, on the other hand, after 
the egg-cell has been fertilised. 

It originates from the second- 
ary nucleus of the embryo-sac 
derived by the fusion of the 
two polar nuclei. This is 
stimulated to division after 
fusion with the second male 
nucleus. (On the two types 
of endosperm cf. p. 588.) 

Ill Aiigiospcrnis also the endo- 
sperm as a rule compresses the 
remains of the nucellus. Reserve- 
materials such as starch, fatty oil, 
and aleurone grains are accumu- 
lated in the cells (Fig. 600) ; in ' 
other cases the greatly thickened 
walls form a store of reserve- 
cellulose (Fig. 601), In a few 
cases, as in Pijjeraceae, Scitamineae, 
etc., the nucellus persists and also 
serves as a nutritive tissue ; it is v^ 
then termed perispeum (Fig. 602 B), 
When lamellae of the perisperm or 
of this and the seed-coat grow 
into the endosperm, they usually 
differ from the latter in colour 



i. 599.— -Aposporous origin of the embryo -sac of 
Hieixusium flagellare. a, Normal tetrad of macro- 
spoi'es ; b, c, the disorganisation of this. Tlie 
diploid embryo-sac arises from a cell of the integu- 
ment that is recognisable in a. (After O. Rosekbebo 
and A. Ernst.) 


and contents ; the endosperm is then said to be ruminated [Mi/ristica (Fig. 


^reea]. 


In very many cases, e.ff, Leguminosae, Cruciferae, etc., not only is the nucellus 
absorbed by the endosperm, but the latter is completely displaced by the embryo. 
The reserve-materials are then stored up in the cotyledons or in the whble body of 
the embryo (Fig. 603). 

Lastly, a structure known as the arillus must be mentioned, which usually 
stands in relation to the distribution of the seeds. It arises as a succulent ( Taxus) 
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or dry [Pahudia jaranica (Leguminosae) Strelitzia reginat], and usually brightly 
coloured outgrowth from the funicle. It grows up around the ovule and ultimately 
comes to invest the seed more or less completely (Figs. 604 D, 605). An outgrowth 
in the neighbourhood of the micropyle, which is found in the Eiiphorbiac^ae, is 
termed a caiiuncttla (Fig. 604 B, C). 


The Fruit (i®) 

The effect of fertilisation is not only seen in the macrosporangia 
but extends to the macrosporophylls or carpels. The structures of 



Fiq. 600.— Part of section through one of the 
cotyledons of the Pea, showing cells with 
reserve • material, am, Starch • grains ; al, 
aleiirone grains ; p, protoplasm ; w, nucleus. 
(X 160. After Strasburobr.) 



Fig. (')01.— Transverse section of the seed of CoU 
chieuvi, showing the rpserve-cellulose of the 
endosperm within the sced*coat. 


very various form which are formed from the carpels (often together 
with the persistent calyx and the floral axis) are called fruits, and 
serve primarily to protect the, developing seeds. In Gymnosperms, 
where the ovules are borne freely exposed on the carpels, no fruits in 
the strict sense can exist, since no ovary is present. Thus in Cycas, 
GinkgOy Taxus^ Podocarpus^ Onetum^ and Ephedra we can only speak of 
seeds and not of fruits. When, however, the carpels after fertilisation 
close together, as in the cones of some Gymnosperms and the berry- 
like cones of Juniperus, a structure analogous to the angiospermic fruit 
is formed, and the term fruit may be used. 

A great variety in the development of the fruit in Angiosperms 
might be anticipated from the range in structure of the gynaeceum. 
The simplest definition of a fruit is the ripened ovary, but difficulties 
arise in the case of apocarpous gynaecea. 

The product of the individual carpels associated in such apocarpous gynaecea 
as those of the Eosaoeae will here be termed partial fruits or fruitlets, while 



DIV. U 


SPERMATOPHYTA 


595 


the product of the whole gynaeceum will be spoken of as the fruit or the 
COLREOTIVE FRUIT. The hollowed-out or projecting floral axis bearing the carpels 
may be included in the fruit. Thus the Strawberry is a collective fruit composed 


of the succulent receptacle bearing the 
small yellow nut-like fruitlets. In the 
Apple the core only is the fruit, the 
succulent tissue being derived from the 
hollowed floral axis surrounding and 
fused with the carpels. In the Rose there 
is similarly a collective fruit, the fruitlets 
being the hard nutlets enclosed by the 
succulent receptacle (Fig. 606). In the 
case of fruits resulting from syncarpous 
gynaecea the further development of the 



1 B 


Fio. 602.--^, Seed of Jlyoscyamus nitjer, sliowing 
the <licotyledonous embryo embedded iii the 
endosperm ; B, seed of Klettaria CardatfLomum, 
witli perisperui. (After Berg and Sohmipt.) 



Fio. 60S.—Capsella hursa pmtoris. A, Longi- 
tudinal section of a ripe seed ; h, hypocotyl; 
c, cotyledons ; v, vascular bundle of the 
fnnicle (x 20). B, Longitudinal section of 
the seeii-coat after treatment with water ; 
e, the swollen epidermis ; c, brown, sti'ongly 
thickened layer ; compressed layer of 
cells; a, the single i)er8iHtjng layer of 
endosperm cells containing aleurone grains, 
(x 250. After Stkasburoer.) 


wall of the ovary as the pericarp has to be especially considered. The outermost, 
middle, and innermost layers of this are distinguished as exooarp, mesocabp, and 
ENDOCARP respectively. 



Fio. 604. — A, Seed of Papaver Rhoeas; h, 
the hiluin. B, Seed of Corycbdis ochnt- 
leuca ; m, micropyle ; c, canincula. 
0, Seed of Ohelidoiiium mnjus. /), See<l 
of Nymphaea alba with its arillus. 
(After Duohartre.) 



h 4 


Fio. 605.— a, Myristica fragranSy seed from which the 
arillus (ar) is partly detached. jfJ, Af yristica argmtea, 
seed after removal of t he arillus ; Ch, chala;;a ; r, 
raphe ; h, hilum. (After Warburg. | nat. si^fe.) 


According to the nature of the pericarp the forms of fruit may be classified as 
follows ; 

1. A fruit with a dry pericarp, which opens when ripe, is termed a capsule 
(Fig. 607). When dehiscence takes places by a separation of the carpels along their 
lines of union, the capsule is sbptioidal (e.g, Colchicumt Fig. 830) ; when the 
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separate loculi open by means of a longitudinal split, it is teimed looulioiual 
{e.g. Omithogalumy Fig. 832), and when definite circumscribed openings are 
formed it is termed poiuoidal [e.g. Paparer). As special types of frequent occur- 
rence may be mentioned : the follicle, which is a cajisule developed from a 
single carpel and opening by separation of the ventral suture, e.g. Aconitum (Fig. 

677) ; the legume or pod, which 
differs from the follicle in dehiscing 
by both ventral and dorsal sutures, 
e.g. Pea ; and the siliqua of the 
Cruciferae, which opens by the separa- 
tion of the carpels from the false 
septum [e.g. CheiranthuSf Fig. 683). 

2. Indehiscent fruits have a 
})ericarp which does not open at 
maturity. 

{a) Those with a hard pericarp are 
termed nuts, e.g. Hazel-nut, Lime, 
Helianlhns, Fumaria, Fagopgram 
(Fig. 608). 

[h) When a dry fruit, consisting of 
several carpels, separates at maturity 
into its partial fruits without the latter 
opening, it is termed a schizocakp 
[e.g. Uuibelliferao, Malvaj Galium, 
Fig. 609). 

(c) A BERRY is a fruit in which all the layers of the pericarp become succulent, 
as in Vaccinium, Pit is, Physalis (Fig. 610). 

((^) In the DRUPE the pericarp is differentiated into a succulent exocarp and a 
hard endocarp. Prunus (Fig. 697) and Juglans (Fig. 658) are familiar examples. 



Fio. 006.— Collective fruit of Rosa alba, consisting of 
the fleshy hollowed axis s', the pereistent 8ej)al8 s, 
and the carpels fr. The stamens e have withen'd. 
(After DiJOHARTnE.) 



Pia. flOT.—Modes of dehiscence of capsular fruits. A, B, Capsule of Viola trkohyr before arid after 
the dehiscence; C, poricidal capsule of Antirrhinum mnjus (magnified); D, E, pyxidium of 
AmgoUU arvensU before and after deliisceuce. 


When, on the other hand, the group of fruits borne on an inflorescence has the 
appearance of a single fruit, the structure may bo termed a sPUEioirs FEuri’. The 
Fig [Ficus) is the best-known example of this, but similar spurious fruits are 
especially frequent in the Urticaoeae and Moraceae. The comparison of a 
Blackberry, which is the product of a single flower, with the spurious fruit of 
the Mulberry will show how closely the two structures may resemble one another 
(Fig. 611> 
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Distribution of Seeds 

The same agents are available in the distribution of seeds as in the conveyance 
of pollen — currents of air and water, animals, and in addition human traffic. A 
distinction must be made, however, between the conveyance of pollen and of seeds, 
in that w'hilc a pollen-grain is extremely small and weighs very little, seeds contain 


A 




Fia. (508.— Dry iiideliiscent fruits. J, Nut of Fumaria 
officinalis (x 6). Ji, Of Fayopyrum esculentuin (x 2). 
(After Duchautue.) 


Flo. 00‘J.— Scliizocnri) of Galium 
mollnyo. (X 6. After Du- 
CHABTKE.) 



a certain amount of reserve-materials and are thus larger and heavier. In spite of 
this the transport of seeds by the wind is the main means of their dispersal. 

Often the suitability of seeds for wind-dispersal is due simply to their minute 
size and their lightness ; thus millions of seeds are produced in a capsule of 

Stanhopeay and the weight of a seed of 
J)endrobiumattenuatuvi has been determined 
to be about milligramme. Thus these 
Orchids play a part as epiphytes in damp 
tropical forests only equalled by Ferns, the 
spores of which are as light. A much 




Fio, 610. — Fruit of Physalis alkekengif 
consisting of the persistent calyx 
a, surrounding the Inirry/r, derived 
from the ovary. (After Duchartre.) 



Fio. 611.— Collective fruit of liubus fmH‘ 
cosus. B, Inflorescence of Mulbeny (Morua 
nigra, spurious fruit. (After Duchartre.) 


more common airangement is found in heavier seeds when the volume is increased 
and a large surface is offered to the wind. Either thr., whole surface of the seed 
bears longer or shorter hairs as in the Willow (Fig. 656), Poplar (Fig. 657), and 
Cotton (Fig. 728), or a longer tuft of hairs is borne at one end as in the 
Asolepiadaceae and Apocynaoeae (StrophanthoB, Fig. 774), and many Gesneriaceae 
and Bromeliaccae. An equally frequent arrangement in other families of plants is 
the development of a flat wing formed of a thin and light membrane. This in our 
Fizli (Fig. 626) and Pines (Fig. 627} is split off from the ovuliferous scale, while in 
Modoehndrmt Bignoniaoeae, some Ouourbitaoeae (Zanonia), and in the Rubiaoeae 
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{Cinchona, Fig. 794) it develops on each seed within the ovary. In no case is it 
more perfect than in Pithecoctenium echinatum (Fig. 612), where the delicate silky 
wing leads to the falling seed assuming an almost horizontal position and being 
carried far even by a slight breeze. 

Other parts of the flower or fruit may he developed as wings, especially when 
one-seeded fruits (or schizocarps) are concerned. Examples of tins are alForded by 
the sepals of the Dipterocarpaceae, the large bract of the inflorescence of the 
Lime (Fig. 730), the bract and bracteoles of Carpmus (Fig. 660), and more 
commonly the wall of the ovary as in Betula (Fig. 660), Alnus, Vlmus (Fig. 653), 
Polygonaceae (Fig. 649 D), Acer (Fig. 746), Fraxinus (Fig. 769), or the fruits of 
the Typhacoae, Eriophoruni (Fig. 842) and Anemone (Fig. 675). The same use is 
served by the crown of hairs (pappus) which is developed at the upper end of one- 
seeded fruits such as those of the Valerianaceae (Fig. 796) and Comj) 08 itae 
(Fig. 811 B), especially when it has a parachute -like form due to the later elonga- 



Fio. 612. — Winged seed of Pithecoctenium echinatum. (After Noll, Nat. size.) 

tion of the upper end of the fruit as in Taraxacum ( Fig. 812), Tragopogon, etc. 
According to Dinglkr the fall in air as compared with that in a vacuum in the 
first second is six times slower in the case of the fruits of Cynara Scolymus provided 
with scaly hairs ; in Pinus sylvestris the fall is seven times, and in Pithecoctenium 
thirty times slower. 

The distribution of seeds and fruits by ocean currents is important for many 
plants. The strand-flora of the Malayan Archipelago, for example, consists, accord- 
ing to Sohimper’s investigations, exclusively of plants with floating fruits or seeds, 
the adaptations of which correspond more or less to those of the Coco-nut (Fig. 824), 
which is distributed everywliere on tropical coasts. A thick exocapp consisting of 
a coarsely fibrous tissue renders the fruit buoyant and protects the brittle and stony 
endocarp from being broken against the rocks and stones of the shore. A very 
similar structure is exhibited by species of Barringtonia, Cerhera Odollam (Fig. 
613), Terminalia eatappa, Nipa fruticans, and many smaller plants belonging to 
the shrubby and herbaceous vegetation of the dunes and strand. In all cases the 
capacity of floating for a long time without loss of power of germination is a con- 
dition of the distribution of the seeds and the success of the species. The necessity 
of both these capacities is illustrated by the limited distribution of the Palmi 
Lodoicea Seychellarum, which is capable of floating but 6annot endure the effect of 
salt water. 

The distribution of fruits and seeds by means of animals depends as a rule upon 
the succulent and attractive fruits serving as food for birds, tlie undigested seeds 
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being shed. A familiar examj>le is afforded by the Elder {Sambucus nigra)^ the 
black fruits of which are eaten by various birds in summer. There are many such 
cases, and for some seeds the passage through the intestine of the animal appears 
to be a necessary preliminary to germination. The development of an arillus 
(cf. p. 593) is in many cases an adaptation to distribute the seed by means of 
animals. The arillus of Taxus with its bright red colour which surrounds the 
single seed is greedily eaten by blackbirds ; the arillus is the only part of the tree 
that is not poisonous. The red fruits of Muonymus when they open expose four 
seeds with bright red arilli, which are eaten by chaffinches. The Nutmeg is 
distributed over the islands about the Moluccas by a large pigeon which is 
attracted by the bright red arillus around the black seed which is exposed on the 
dehiscence of the fruit. In a similar way our Mistletoe in winter, wlien little 
other food can be obtained, is eaten by blackbirds and other birds ; when the 
birds clean their beaks the seeds remain 
attached to the branches by reason of 
the viscid substance around them and 
are able to germinate in this position. 

The spread of plants with hooked fruits, 
etc. , such as Galium, aimrlne^ species of 
Lajijpa (cf. Fig. 808 a), Bidens^ Xanthium.^ 
etc., by means of the fur of quadrupeds ; 
the general distribution of water-plants 
from one pond to another by aquatic 
birds ; and the distribution of the Hazel- 
nut, etc., by means of squirrels, do not 
require detailed description. Lastly, 
the distribution of certain seeds by 
means of ants must be mentioned ; 
these animals are attracted to remove and 
accumulate the seeds by the abundance 
of oil in the tissue of appendages such Fio. .( is. ■FruiloftVri^mOdrftom, from thedria. 
as the caruncula. The exocarp and the succulent iricsocarp are 

It is a matter of general knowledge wanting, so that tlie buoyant tissue traversed 
that man by his commerce and industry coarse fibrous strands is exposefl. (After 

has exerted great influence on the dis- Achimpbr.) 

tribution of food-plants and other plants of economic value. In this way the seeds 
of many weeds have been unintentionally distributed over the inhabited earth, a 
fact that could be illustrated by numerous examples. 

Germination (^®) 

Seeds which have escaped the various risks of distribution require a suitable 
environment for germination. Small seeds readily find shelter in cracks or depres' 
sions of the soil and become fixed there owing to special p roperties of their surface. 
Larger seeds are sufficiently covered by fallen leaves. The fruitlets of Erodium 
and other Geraniaceae, of Avem steriliSf species of Stipa and other Gramineae 
penetrate the soil by the aid of their hygroscopic curvatures (cf. p* 335, Fig. 276) ; 
the presence on their surface of backwardly-direoted hairs prevents their losing 
the position reached. The burial of the fruits of Arachis hypogaea^ Trifolitm stdf- 
terraneunit and Okenia hypogam is brought about by the growth of their positively 
geotropie stalks, while negative heliotropism determines the insertion of the fruits 
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of Linaria cymbalaria into the crevices of the walls on which the plant lives 


(cf. p. 363). 

When the seeds find sufficient moisture they swell considerably. With this 
they lose some of their resistance to such dangers as extremes of temperature and 
desiccation ; their former resistance was due to the small proportion of water they 
contained. The next stop is the rupture of the seed-coat, which, as a rule, is 
effected by the emerging root. Since the root is always directed towards the 


micropyle, this region of least resistance is 
penetrated by the root-tiji and forced o])en 
by the growth of the hypocotyl (Figs. 614, 
616). The root at once bends downwards 
geotropically, and, by means of* its root- 
hairs which are especially long and numerous 
at the junction of the root and hypocotyl, 
fastens the seedling in the soil. Meanwhile 
the hypocotyl grows and gradually emerges 
from the seed-coat, while the cotyledons, as 
a rule, remain for a time enclosed in the 
latter and absorb the remainder of the 
reserve-material (Figs. 614, 616 a). This 




Fio. GUu—Vinus pinm. Germination. 
(After Sachs.) /, Longitudinal sec- 
tion of the seed ; y, micropylar end. 
II, Early stage of germination; a, 


seed-coat ; e, endosperm ; w, primary 
Fio. 6U.— Thuja occide7iUilis. A, Median longi- joot broken-through embryo-sac ; 

tudinal section of the ripe seed. B-K, Stages r, red layer of the seed-coat. Ill, 

in germination; h, hypocotyl; c, cotyledons; The cotyledons (c) have escaped from 

r, radicle ; v, growing point of stem. (A x 6 ; the exhausted seed ; he, hypocotyl ; 

B, C X 2; D, E nat. size. Alter Schenck.) lateral roots. 


process leads to the hypocotyl becoming more and more strongly curved, and the 
tension resulting from its further growth withdraws the cotyledons from the seed- 
coat. The seedling then becomes erect, the leaves are expanded and can assimilate, 
and thus its independent life commences. The number of cotyledons is usually 2, 
but in some genera of Coniferae varies from 3-oo (Fig. 616). 

This most frequent type of germination is characterised by the cotyledons 
being expanded above ground and is termed epiobal. It is nearly always found 
in the case of small seeds. 

HypOGBAL germination is for the most part found in large-seeded Dicotyledons, 
the cotyledons of which contain the stored reserve-materials {e,g, Vida faha^ 
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P%8umt Aesculm, Juglans, 6tc.)« It is characterised by the cotyledons remaining 
enclosed in the seed -coat after the root has penetrated into the soil ; the epicoty> 
ledonary stem emerges from between the cotyledons, becomes erect, and bears the 
later leaves in the usual way. While there is a sharp morphological distinction 
between the two types of germination, the difference is of little systematic value ; 
within the Papilionaceae many intermediate conditions are found, and in the 
genus PhaseoluSf Ph, vulgaris is epigeal and Ph. multifiorus hypogeal. 

The germination of monocotyledonous seeds differs from the cases described 
above in that after the main root has emerged the sheathing base of the larger 
or smaller cotyledon emerges from the seed. Its tip remains either for a time 
or permanently in the seed, and serves as an*absorbent organ to convey the reserve- 
materials stored in the endosperm to the seedling. The first leaf of the latter 
soon emerges from the sheathing base of the cotyledon (Fig. 616 6). Very hard 
seed-coats are often provided with special arrangements to enable the root to 
escape. Thus in the coco-nut three openings are present, one corresponding to 
each carpel. The opening behind which the tip of the root of the single embryo 
is situated is covered by a very thin layer, 
while the two other openings are firmly 
closed. The hard stony seed -coat of another 
Palm {Acrocomia sclerocarpa) has a loosely 
fastened plug opposite the tip of the root. 

In the whole family of the Scitamineae there 
is a limited thinner region of the hard seed- 
coat above the root-tip of the embryo, which 
is lifted up as a sort of lid on germination. 

The so-called ** viviparous '* plants show 
peculiar arrangements which can only be 
briefly mentioned here (Fig. 715). Vivipsry 
is found in the inhabitants of tropical 

mangrove-swamps and is to be regarded as ^ ^ j,. r o 

an ecological adaptation to the conditions of ; b. of IrU (After 

life. The one-seeded fruits germinate while Klebs.) 
still attached to the parent-plant, i.e, the 

pericarp is ruptured by the radicle of the embryo which first grows from the 
micropylar end of the seed. The hypocotyl which thus becomes free may attain 
the length of over 1 metre in Rhizophora (cf. Figs. 182, 715). The embryo 
thus hangs by its absorbent cotyledons which remain in the seed, until it 
separates from the plant owing to its own weight, and, falling vertically, sticks 
into the soft mud. 

Arrangement of the Classes, Orders, and Families 

Glass I 

Gymnospermae . 

Of the groups of Gymnos 2 )erm 8 the Cyoadeae canoertainly be traced back to the 
Gycadoiilices (of p. 637, Pteridospenneae), probably by way of the Bennettitaceae 
(cf. p. 618, Cycadeoidea) ; as regards the Coniferae, however, it is a matter of doubt 
whether they stand closer to the Lycopodiinae or to the Cyoadinae. While on 
account of the vegetatiwe organs, the former view could be entertained, the cone- 
like flowers of the Coniferae seem cleariy to point to a close conneotion with the 
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Cycadinae. The cones of the Abietiueae consist^ like those of the Cycads, of numerous 
macrosporophylls. Each cone corresponds to a flower, and not to an inflorescence, 
just as is the case for the spirally constructed flower of the Magnoliaceae. 

Order 1. Cycadinae 

This includes the single Family Cycadaceae. These are woody plants 
restricted to tropical and sub-tropical regions. Cycas is a native of Asia ; 
Macrozamia and Bowcnia of Australia. Eneephalartos and Stangeria are African, 
while America has the genera Vioon, Ceratozamiay Zamia^ and Microcycas. The 



Fig. 617, — Group of Cycas revoluta in a temple garden in Japan. The stems attain a lielglit of 
eight metros and a circumference of two metres. (After G. R. Wi eland.) 

general habit is illustrated by the fine examples of Cycas rcwluta in Fig. 617, 
some of which are branched. 

The stem, which undergoes secondary growth in thickness, is as a rule 
unbranched or forms a sympodium, and bears large, pinnate foliage -leaves. 
These, which are of firm leathery texture and persist for a number of years, 
alternate with smaller scale-leaves and form a large terminal crown. The surface 
of the cylindrical or tuberous stem is clothed with the scale-leaves and the bases 
of the old foliage-leaves. Mucilage ducts are present in all parts of the ])lant. 
The vascular bundles are collateral, but their xylem consists of tracheides only. 

The Oycadaceae are dioecious. Fig. 618 represents a female plant of Cycas 
revoluta, in which the growing point forms alternate zones of foliage-leaves and 
macrosporophylls. When young the foliage-leaves are rolled up circinately as 
in the Ferns. One of the sporophylls is represented in detail in Fig. 618a. It 
shows the pinnate form of the foliage-leaf, but is densely covered with brown hairs, 
and chlorophyll is wanting. Towards the base two to eight macrosporangia are 
borne on the margins, in the place of pinnae. It is evident that each female plant 
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Fio. ^IB.—Cycas revoluta, female plant in flower. (From a photograpli.) a, Macrosporophyll 
(carpel) of Cycaa revoluta, (After Sachs.) 6, Microsporophyll (stamen) of Cycaa cirdiwXis„ 
(After Richarp.) 


sporophylls is always grown through by the further devel.^pment of the apex, 
which as a rule does not branch. The male plant of Cycas and the otlier Qycadaceae 
boar their sporophylls in terminal cones, often of great size, while the further 
gi*owth of the plant is eifected by a lateral bud which continues the direction of 
growth of the sympodial axis, displacing the cone to one side. 

The cones consist of numerous sporophylls arranged spirally on the axis. The 
microsporophylls bear large numbers of microsporangia on the lower surface (Fig. 
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6186). The xnacrosporophylls of the cone-bearing Cycadaceae are considerably 

modified as compared with Cycas^ and each 
bears two marginal macrosporangia (Fig. 619). 
For the developmental history cf. p. 572. 


Order 2. Oinkgoinae (^^) 

The single representative of the Family of 
the Ginkgoaceae which forms this order is 
Oinkgo hiloha. This tree comes from Japan, but 
is often seen in cultivation in Europe. The 
long -stalked leaves are divided dichotomously 
into tw'o or more lobes and are shed annually. 
The flowers are dioecious. The numerous 
stamens are situated on an elongated axis which 
bears no enveloping leaves. Microsporangia 
with an ‘‘endothecium (cf. p. 554). Macro- 
sporangia in pairs at the summit of short shoots ; 
sporophylls reduced to a collar-like outgrowth 
around the base of the sporangium (Fig. 620). Developmental history, cf. p. 572. 



Fio. 619. — Ceratozamiarobusta. Macro- 
sporophyll with two inacrosi)orangia. 
(After Qorb£l.) 



Fio. 620.— Ginkgo hildba. Male branch with flower ; the leaves are not yet full-grown, a, ft, 
Stamens ; c, female flower ; d, fTnlt ; e, stone of same ; /, stone in cross-section ; g, in longi- 
tudinal section showing the embryo ; ft, female flower with an exceptionally large number 
of ovules borne on separate stalks. (Male flower and c, nat. size ; d, slightly reduced ; the 
other flgures magnified. After Richard ; o-d after Eichlek.) 


Order 8. Coniferae 

The Coniferae inclucie conspicuous trees or shrubs with woody 
stems. The possession of small, undivided, firm leaves, flat or 
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needle-shaped, of xeromorphic structure, and usually lasting for several 
seasons, is a common character of the plants of the order ; they thus, 
with a few exceptions, such as the Larch, belong to the evergreen 
vegetation. All Conifers are profusely branched, and a distinction 
into long and short shoots is evident in the genera Pinus, Lariz^ and 
Cedrus, In all cases the direction and rapidity of growth of the main 



Fia. 021.— Taxiis baccata. A, branch with female flowers; *, two ovules on the same shoot (nat. 
size). JB, Leaf with axillary, fertile shoot (x 2), C, Median longitudinal section of a primary 
and secondary shoot ; v, vegetative cone of the primary shoot ; a, rudiment of the aril ; e, 
rudiment of the embryo-sac ; n, nncellus ; i, integument ; m, micropyle (x 48). (After Stras- 
BUROER.) PO/aOKOUS. 

axis differs from that of the lateral branches. This is especially seen 
in young individuals ; old trees are often more irregular in outline. 

The absence of vessels from the xylem of young plants and from 
the secondary wood is an anatomical characteristic. Their place is 
taken by large tracheides with peculiar bordered pits on the radial 
walls; these form a very uniform wood. The majority of the 
Oomferae have resin abundantly present in all the parts of the plant. 


606 


BOTANY 


PABT H 


The Coniferae in contrast to the Cycadinae are mostly inhabitants 
of temperate regions, and are among the trees which approach nearest 
to the polar regions. Within the tropics they are mostly confined to 
mountains. 

The Coniferae are divided into two families on account of diifer- 
ences in the floral structure. 

The Taxaceae have female flowers with one or few macrosporangia ; 
the latter are usually provided with an arillus. The flowers are usually 
not definite cones. Mostly dioecious. 

The Pinacem^ on the other hand, have a number of ovules in each 
female flower, the latter being a cone with numerous sporophylls borne 
on an axis. Arillus not present. Usually monoecious. 

Family Taxaceae. — The plants belonging to this family are grouped in a 
number of small genera, some of whfch, such as Taj'us^ Torreyaj and CephalotaxuSy 
occur in the northern hemisphere, but most arc distributed in the southern 
hemisphere. The most important genus is Podocarpus, the numerous species of 
which are widely distributed in temi)erate East Asia and in Australia and New 
Zealand, and also occur as stately trees on the mountains of the Asiatic tropics. 
The female flowers are small shoots, the sporophylls of which are swollen and 
succuhmt ; one or tw’O sporophylls bear at the summit a single anatro[»ous ovule 
surrounded by a fleshy arillus. The male flowers, which are borne on the same 
or on distinct individuals, are small, erect cones consisting of numerous sporophylls 
attached to a short erect axis. Each sporophyll bears two micros}>orangia on the 
lower surface ; the microspores are provided with distended wings. 

Taxus haccata is the only European representative of the family. The Yew, 
which is now for the most part artificially introduced, had formerly a wide distribu- 
tion as an evergreen undergrowth in our native woods (Figs. 621, 622). The 
Yew tree attains a height of 10 m. Isolated examples of large size occur. All 
the branches are shoots of unlimited growth. The leaves stand on all sides of 
the ascending main shoots, but in two rows on the horizontally-expanded lateral 
branches. They are narrow, flat leaves and persist for several years. The tree is 
dioecious ; the flowers are situated on the lower surface of the twigs and arise in the 
axils of the leaves of the preceding year. The male flowers are invested at the base 
by a number of scale-leaves and contain some ten peltate stamens, each of which 
bears 5-9 pollen-sacs (Fig. 622 J ). The mode of oj)oning of the sporangia is peculiar. 
The outer wall splits at the base and along the side of each pollen-sac, so that the 
whole stamen resembles an umbrella turned inside out ; the pollen remains for 
a time in the pocket- like depre.ssions, from which it is removed by the wind. 
The female flower (Fig. 621) usually develops singly as a secondary, axillary 
shoot of the uppermost scale-leaf of a primary shoot ; the apex of the latter is 
displaced to the side and does not develop further. Each flower consists of a 
single atropous ovule with one integument. The drop of fluid excreted from the 
micropyle of many Gymnosperms is especially well shown by the Yew. As the 
seed develops, a fleshy arillus springs from its base and surrounds the mature 
seed like a bright red cup. The foliage and seed are poisonous, but the aril, 
which induces birds to distribute the seed, is harmless. 

Family Pinac6ae.>~This family includes the most important Coniferae, and on 
grounds of diflerenoes in leaf-arrangement and in the position of the ovules is 
divided into two sub-families. The forms with the leaves opposite or in whorls 
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are included in the Cupressineae ; they also have the ovules erect. All the forms 
with alternate leaves are included in the AMetineae, and, almost without exception, 
they also possess inverted ovules. 

Sub-family Cupresaineae. — Some of the Ctiprcssineae have needle-shaped leaves 
in whorls (Juniper, Fig. 623) ; others have decussately-arranged, scale-like leaves 
{Thujay Juniperus sabina). The former type is to be regarded as the more 
primitive, for the seedlings of Thuja have needle-shaped leaves, and individual 
branches of scale-leaved forms of Juniperus revert to the needle-shaped leaves in 
whorls of three. 

The Cu]>ressineae, with the exception of JuniperuSy are monoecious. The male 



Fio. ii'2%,-^Taxus haccata, bearing fTuita. nat. aize.) Ay Male flower. (After Richard.) 

POISONOVS. 

flowers of Juniperus communis stand in the leaf-axils. At their base are a number 
of small scale-leaves (Fig. 623 Ay a), above which come several whorls of peltate 
sporophylls (c), bearing 2-4 microsporangia (if) on the lower surface. The sporangia 
open by a vertical slit parallel to the long axis of the sp irophyll. The female 
flowers occupy a corresponding position. The scale-leaves at the base (Fig. 623 B) 
are succeeded by a whorl of carpels (C7, 6), each of which beai's a single upright ovule 
in a median position (e). After fertilisation a succulent parenchymatous growth 
mainly of the basal portions of the sporophylls raises the seeds and presses them 
together! without) however, obliterating the central space altogether. The three 





Fig. 628.~/wn£j«5nw ammunU. Twigg bearing fruits and male flowers. (§ nat. size.) Male 
flower ; B, fertile shoot with female flower ; 0, female flower with one scale bent out of place ; 
P, flruit. (All magnifled. After Bebo and Schmidt.) 


indicated by the soar at the apex of the ripe fruit. The succulence of the carpels 
gives the fruit the aj^pearance of a berry. Juniperus is the only genus of the 
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Oiipressineae with such fruits ; the others, such as Cupressus^ Thuja, Taxodium, 
have oones, and boar the ovules on a slight outgrowth of the scale. 

Juniperus communis. Juniper, is a shrub or small tree distributed over the 
northern hemisphere. J* Sabina, a prostrate shrub of the Alps and other moun- 
tains of central and southern Europe. The Cypress {Cuprmtis sempervirens) in 
the Mediterranean region. Species of Thuja are commonly grown as ornamental 
trees. Taxodium distichum is a deciduous tree, forming extended swampy woods 
on the north coast of the Gulf of Mexico from Florida to Galveston ; the short 
shoots have two ranks of leaves and are shed as a whole. T. mexicanum 
is evergreen and is widely distributed on the highlands of Mexico ; very large 



Fio, 62i.-~-Taxodium iruadcanun in the churchyard of 8. Maria de Tnle at Oaxaha. 
This giant tree Is one of the oldest living. (From a photograph.) 


specimens occur, such as the giant tree of Tule, which at a height of 50 m. was 
44 m. in circumference, and was estimated by von Hfmboldt to be 4000 years old 
(Fig. 624). 

Sub-family Ahietineae.<~The floral structure of the Abietineae may be described 
in the first place. The male flowers (cf. p. 551) consist of an axis bearing 
scale-leaves at the base, and, above this, numerous stamens ; the pollen -sacs 
(microsporangia) are situated on the lower surface of the stamen. In the Abietineae 
in the narrower sense there are two pollen-sacs, but in ^gaihis and, Armtearia 
there are 5-15. The microspores are usually winged. The femaler flowers are 
always cones, consisting of an axis bearing the closely approximated scales, which 
^)x>teot the ovules. In Agathis and Araucaria each scale bears a single ana- 
tropofis ovule at its base. The condition of affairs in Sequoia and Seiadopitys is 
sintOar, but the outgrowth is more clearly defined ; each scale bears 4-9 anatropous 
CTideA iti tbs Abietineae proper the limits of the two scales are still more 

2r 
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marked. The two anatropous ovules are borne on an inner scale, which, at its 
base, is continuous with the scale of the cone. The outer scale is called 
THE bract-scale, THE INNER THE OVULIFEROUS SCALE (FigS. 625 C, 626, .5). 
The ovuliferous scale is the more strongly developed, and it is the part that 
becomes lignified and affords protection to the ovules. Even at the period of 
flowering the bract-scale is usually concealed by the ovuliferous scale and only 
to be detected on close inspection. In other forms, however (e.g. Abies, Fig. 626, 



Fio. 625. — Abies pectiiiata. A, Male flower scale-leaves ; sporophylls. 27, Bract-acale (d) and 
ovuliferous scale (fr), seen from above. C, The same from belov^, m, the winged seeds. 
(After Bbro and Schmidt.) i), Abies Nordmanniana with rii>e cones, the scales in part 
shed. (Reduced from Enolek and Pbantl.) 

Pseudotsuga Douglasii, etc.), the bract-scales oven in the older cone project 
prominently between the ovuliferous scales. 

Mott ixnportant Oenera and Species.— {Dammara) is distributed in 
the Malayan Archipelago and extends to New Zealand ; A. australis and A» 
Dammam yield Kauri Copal but no Dammar Resin ; Araucaria hrasiliana and A. 
imbricata are stately S. American forest trees. The ,genus Sequoia includes the 
most gigantic trees known ; specimens of S, gigantea from the Californian Sierra 
Nevada attain a height of 100 m. and a diameter of 12 m. The beauldful 
S* sempervirens from the coastal mountains is hardly inferior in size. 
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The Silver Fir {Abies pectinata^ Fig. 625 A-G) is a native of the mountains of 
the middle and south of Europe. It bears only long shoo'ts. The flat, needle-like 
leaves, marked below by two white lines and emarginate at the tip, are borne on all 
sides of the axis, but are twisted into a horizontal position on the branches 
illuminated from above. They live for 6-8, or even for 15 years. The male 
flowers stand in the leaf-axils on the under side or on the flanks of the shoot, 
and grow downwards so that the pollen-saes are directed upwards. The wall of 
the sporangium opens by an obliquely longitudinal split, which gapes widely and 



Fig. 6*2(i. — Picea excelm nat. size), i, I’wig with male flowers. 2^ Terminal female flower. S, 

Pendulous cone. 4, Microsporophyll. /I, Macrosporophyll ; the bract-scale is covered by the 
large, \)ont-back, o villiferous scale ; an ovule is visible at the base of the ovuliferous scale. 
6, Ripe seed with the wing formed by a detached portion of the ovuliferous scale, (x 4-6.) 

allows the* winged microsijores to escape. The female flowers arise from the 
upper side of a branch and are directed vertically upwards. The bract-scales 
are longer than the broad, ovuliferous scales. The fertilised cones retain the 
upright position, and when ripe the scales separate f?om the axis and so set the 
seeds free from the plant* The development of the seeds takes a year. Abies 
NordTmnniana from the Caucasus (Fig. 625 H), A. coneo^or. A, balsameat and 
A, nobilis from North America are in cultivation. 

Pieea excelsat the Spruce (Fig. 626), is a fine tree of pyramidal shape ; it has 
no short shoots, and the long shoots bear on all sides pointed, quadrangular, 
ae6dle*shaped leaves, which on horizontal or pendulous branches stand more 

2ri 



Pig 627 —Piniis eyheftrit {| nat size) 1, Shoot of iinlimitod growth bearing short shoots , at the 
top the shoot of the current year At the base of the latter are numeious n»ale flowers each in 
the place of a short shoot, and nearer the tip brown seale-lea^e^ in the avil of each of which 
18 a short shoot S, Similar branch bearing a young female flower at the summit of the shoot 
of the current year, in place of a branch of unliimted growth Two dependent green cones 
are borne on the shoot of the preceding year $, Cone of the year before last, opened to allow 
of the escape of the seeds 4, A microspoiophyll S, Macrosporophyll from the adaxlal side 
showing the ovuliferous scale with the two ovules at the base 6, Macrosporophyll from the 
abaxial side showing the small bract scale below the large ovuliferous scale 7, Bip^ seed with 
its wing d^\ ed from the superficial la> ers of the o\ uliferous scale ( x 4 7 ) 
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or less erect. They live for 6-7 years, and on main shoots for 12 years. Male 
flowers as a rule on shoots of the previous year ; on flowering they become twisted 
into an erect position. The two pollen-sacs open by a longitudinal slit. Female 
flowers terminal on the shoots of the previous year, usually near the summit of 
the tree. They stand erect at the time of flowering. The ripe cones are 
pendulous and, after setting free the seeds from between the scales, fall in pieces. 
The development of the seeds is completed in one year. Picea orientalis from 
Asia Minor, Picea omorica from Serbia, and Picea alba^ from North America, also 
Picra Eagelmanni and Picea pungens are frequently cultivated. 

Larix europaea, the Larch (Fig. 628), is one of the few deciduous Conifers and 

replaces its foliage annually. 
There is a differentiation into 
long and short shoots. The 
former bear the narrow linear 
leaves, which are not xero- 
morphic, on all sides and con- 


Fig. 028.*— /.am curo/mea. Lour shoots of the preceding Fio.620.— JJpftednta/tissiwut. I, Habit 
year, that on the right bearing vegetative short shoots of a male inflorescence. 5, An 
and tiiat on tlio left male and iemale flowers in place of inflorescence with nnripe fruits, 
them. (Prom Engleb and Pbaktl.) (3 nat. size.) 

tinue the branching of the pyramidal tree, the lower branches of which often 
droop downwards. The short shoots arise in the axils of the leaves of the long 
shoots of the preceding year, and bear a rosette of 30-40 leaves which are somewhat 
shorter but resemble those of the long shoots. The flowers occur in a position 
corresponding to that of the short shoots. The male flowers are bent downwards 
when fully developed, and the opening of the upwardly directed pollen- sacs 
occurs as in Abies. The erect female cones produce seed in the same year. 
Species of Cedrus are evergreen forest trees from the Atlas Mountains, Lebanon, 
and the Himalayas, and are grown in pleasure grounds. 

The most adyanoed difl'erentiation of the vegetative organs is found in the 
genus Pmus ; P, sylve^Hs^ the Scotch Fir, will serve as an example (Fig. 627). 
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Young seedlings in the first or second year have long shoots bearing needle-shaped 
leaves. On older plants this type of foliage is lost ; the needles are replaced by 
colourless, membranous scale-leaves in the axils of which stand the short shoots 



Fik. 630 . — Welwitschta mirahiU^, Youn^ plant (horn En'glsr and ruANfL). 


(cf. the exi)lanation of Fig. 627). The needles arc shed in three years. The seeds 
ripen in the second year, and are set free by the sei)aration of the scales of the 
cone, which till then have been closely pressed together. The cones subsequently 

are shed. Ptiius nwntana^ a dwarf Pine 
occurring on mountains ; P. pinea^ P, 
cenibray with edible seeds ; P. lariciOy 
Corsican Pine from Austria ; P. Pinaster y 
Maritime Pine from the Mediterranean 
region ; P. taeday P. Strobus, Weymouth 
Pine, P. Lambertiana from North 
America. 

Poisonous . — Juniperus Sabinay Taxiis 
haccata. 

Offici A L.— J miperus orycedrtis yields 
OLEUM CADINUM ; Juniperus comvtunis, 
OLEUM JUNirERi ; Abies balsaiTiea supplies 
jEREBiNiHiNA CANAUENsis ; Abies sibi- 
riea supplies oleum abieiis ; Pinus sp, 
produce oleum terbbinthinae reotif. 

Order 4. Qnetinae 

The only Family in this order is that 
of the Onetaoeae, to which only three 
genera belong ; Ephedra (Fig. 629), 
leafless shrubs of warm, dry regions of 
the northern hiigiiisphere. Welwitschia mirabilis (Fig. 630), a monotypic plant from 
the deserts of South-West Africa ; the widely expanded summit of the stem 
bears after the cil^yledons only a single pair of leaves, which are 1 m. in length 
and continue to grow at their bases. Onetwn (Fig. 632), tropical trees or climbers 
with broad, reticulately-veined leavesT These genera,^ while differing widely in 
appearance, agree in possessing opposite leaves (in Ephedra reduced to scales), in 
the development of vessels in the secondary wood, the absence of resin canals, 
and in the presence of a perianth to the flowers, which are usually dioecious (Fig, 



Ej)hedra altmivm. Male flower 
( X 16, after Strasburoer) ; pgf, i>engone ; 6, 
lea Gnetum, Gnemoriy longitudinal section 
of a ^female flower ( x 82, after Lotsy) ; », 
nucell^*^> inner, and ai, outer integu- 
ments*, Integument-like investment or 
perianth. * 
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631). The possession of this perianth makes it impossible to regard the cones of 
the Gnetaceao as flowers. They are rather inflorescences and not homologous 
with tlie cones of the Coniferae. These points of agreement with both Gymno- 
sperms and Angiosperms make the group in many ways an intermediate one 
between the two classes. The occasional or regular presence of flowers of both 
sexes in the inflorescences is noteworthy. Insects visit the flowers of all three 



Pio. 682.— Gartam Gnemon, a, Branch with male inflorescences. 6, Two whorls ( x 2), consisting of 
numerous! aeroi)etally-placed whorls, each of which hears above the spirally-arranged male 
flowers a whorl of (fimctionless) female flowers, (i nat size.) h, Whorls of flowers ( x 2). 

genera, though they are as yet only known to eflect pollination in the case of 
Ephedra eampylopoda. On the development of the sexual generation cf. p. 581. 

Fossil Gymnosperms (**) 

According to D. H. Scott the most ancient seed-plants are those known from 
the Devonian ; they attained great importance in the Garboniferons period. 
To the former period belong the fossil trees from Gilhoa in the State of New York. 
The stems measure about 1 m. in diameter \ portions with the bases of tbe oompound 
leaves still attiM^hed are known. The seeds, enclosed in a oupule-like structure, 
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are borne iti pairs at the ends of slender forked branches. Two species of the 
genus, wliich is known as Mospermatopicris^ arc distinguished. Aneurophyion 
elherfeldense of similar liabit is described by IvRAUSEL and Wetland from the 
Middle Devonian of Elberfeld. Palaeopitys MUlcr% which has been regarded as 




Fin. 033. — i, Conlattes suhglomeratus, longitudinal section o' a male flower -bud ; 6, investing 
bracts ; a, stamens witli several anthers. A pollen-grain ; the prothallial cell is separated 
by a curved wall while the rest of the grain is di\ided into a number of cells. S, C. Williamsoni, 
longitudinal section of a female inflorescence; 6, leaves; «, seed in longitudinal section. 
4, C. Grand’Euryi, longitudinal section of an ovule, sliowing the deep pollon-chamber in the 
niicelius containing a number of pollen-grains. (After Benaui.t.) 

the wood of a “ coniferous tree ” from the Middle Old Red Sandstone of Scotland, 
has been recently re-investigated by KiDStON and Lang. 

The oldest seed-plant so far discovered may perhaps be Cladoxylon scoparium, 
described by KiiACsEii and Wetland. The stems of this bore spirally arranged 
leaves which attained a length of 1 8 mm. and were deeply incised or dichotomously 
divided. The sporophylls were fan*shaped with a deeply lobed margin. Each 
lobe appears to have borne a single spherical sporangium. Callixylon^ from the 
Upper Devonian of Russia and North America, has as highly organised secondary 
wo^ as existing Conifers and has thus oompletely Oymnospermous oharaoters. 
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From the Cycadofilices, stems with secondary growth in tliickness and with 
fern-like foliage which have hitherto alw'ays been classed with the Pteridophyta, 
Oliver and Scoi t have separated the Pteridospermae ; these may be briefly 
characterised as fern-like seed-plants. Tliey have been dealt with at the end of 
the Pteridophyta (p. 537). 

Cordaitaceae . — Cordaites is a peculiar type confined to the Palaeozoic rocks. 
Owing to the excellence of the preservation of the remains, its morphology is as 
well known as that of the existing Gymuospenns. The Cordaitaceae were lofty, 
branched trees with linear or broad and lobed leaves with ]>arallel venation. 
Their flowers differ considerably from those of recent Gymnosperras. The 
male and female flowers are borne on spike -like axillary inflorescences. The 



Fu}. 634. — Reconstruction of the longitudinal section of tlie flower of Cycadeoiiiea {Bennett ites) 
ifKjens. (From Scott after Wieland.) 


female flower consists of a single atropous ovule with some bracteoles at 
its base ; these resemble the vegetative foliage-leaves (Fig. 633). At the 
summit of the nucellus is a deeply sunken pollen-chamber in w'hich pollen-grains 
are often met with (4, p). The male flowers terminate small shoots that are 
surrounded by a number of sterile bracts and at the summit produce a number 
of stamens, each of which has 2-4 anthers (Fig. 633, 1). An important fact 
as bearing on the phylogeny of the group is the presence of a male prothallus 
as a small multicellular body (2). The ovules and seeds show great structural 
agreement with those of Cycas, While some less common fossils ,{CycaditeSt 
Dieranophyllutn) may be placed in the same group, Cordaites is the most richly 
represented type of Gymnospenn found in the Carboniferous rocks. Undoubted 
Cycadophyta make their appearance in the lower Rothliegende. 

The Cordaiteae disappear in the lower Mesozoic strata. The Gymnosperm 
flora can be followed through the Trias, in which it consisted of extinct types 
of Cycadophyta, Ginkgoineae, and Goniferae, to the Jurassic period. In the 
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latter it attained a great development in that both the Ginkgoineae and the 
Cycadophyta attained their maximum. 

Bexmettitaoeae. — Scott has given an account of the appearance and the 
high degree of organisation attained by the Mesozoic Cycadophyta, from the 
knowledge obtained by Wikland’s study of the abundant material found in North 
America. The name Cycadeoidea proposed by the American author is synony- 
mous with Bennettites ; fruits deriv^od from the hermaphrodite flowers were 
already imperfectly known from European strata under the latter name. The 
sliort and sometimes branched stems resembled recent Cycads in their appearance 

which were liermaphrodite and 12 cm. in length. 
A hundred or more spirally arranged perianth 
leaves surrounded a w’horl of 18-20 microsporophylls, 
which were united at the base to form a deep cup, 
in the centre of which the gynaeceum arose (Fig. 
634). The jiinnate microsporophylls, 10 cm. in 
length, resemble the leaves of Ferns, and the 
microsporangia resemble the sporangia of the 
Marattiaceae. The gynaeceum consists of numerous 
long-stalked, atropous ovules which are surrounded 
and separated by scale-leaves : the micropyles, 
however, open freely on the exterior. The ripe 
seeds contained a highly develo])ed dicotyledonous 
embryo and had no endosperm. They were 
jirotected and enclosed by tlie closely crowded outer 
ends of the scale-leaves (Fig. 635). Just as the 
Palaeozoic Pteridosperms combine the characters 
of Ferns and Gymuosperms, the flowers of the 
Mesozoic Jiamettites or Cycadeoidea show a com- 
bination of characteis of Angiosperins, Gymno- 
sperms, and Ferns. 

True Araucarieae appear in the Jurassic. In the 
Wealden, Cycadineae and Ginkgoineae along with some Coniferae were dominant 
among the Gymnosperms. On passing to the Cretaceous strata the ancient types are 
found to be reduced, while the Coniferae become more numerous. Among the latter 
appear existing genera {Dammara^ Sequoia^ Pinus^ Cedrus^ Abies^ Callitris^ etc.). 
The Taxaceae also appear to be represented, but the remains are of uncertain affinity. 

The Tertiary Gymnosperms belong entirely to existing types and for the 
most part to existing species. The Coniferae are dominant ; the Ginkgoineae 
are represented only by Ginkgo bilobay but this occurred in Europe along with 
other species now limited to Eastern Asia or North America {Cryptomeria 
japonica, Taxodium distichumy Sequoia giganteay S, sempervirenSy Pinus Sirohus, 
etc.). One Cycadaceous plant {Enccphalartos) is also known. 


and foliage and bore flowers 



Fio. 685. — Longitudinal section 
of a fruit of Bennettites Gibson- 
ianus. (After Scott.) 


Class II 

Angiospemae 

1. Derivation of the Angiospermae from the Cfymnospermae 

The derivation of the Angiosperms from the Gymnosperme is one 
of the most difficult questions which it is necessary to consider here. 
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In 1923, when the preceding German edition of this text>book was published, 
the serodiagnostic method of Mkz and his botanical school was so far developed as 
to inspire the hope that it would result in an objective demonstration of the 
relationships of plants. The methods frequently employed in medical juris- 
prudence are based on the fact that morphologically related organisms will also 
show a chemical relationship of their albumens ; this is seen, for instance, by a 
comparison of human blood with that of the anthropoid apes. It would follow 
from this that the expressed sap of related plants should give the same reaction 
when injected into the blood-vessels of the animals used in this type of investiga- 
tion. Conclusions may then be drawn as to the degree of relationship of plants 
from the greater or less agreement of their protein-reactions. It must, however, 
be premised for such conclusions to be sound that it is the reaction of the specific 
proteids (i.c. those characteristic of the species, genus, or family) which is being 
obtained, and not that of the reserve proteid substances, which can hardly be 
expected to show such differences for each species, etc. 

The results of these methods, expressed in a large “Kbnigsberg phylogenetic tree,” 
have in the interval been tested from various sides as Mez himself had desired. 
These tests and critical examinations, among which those of R. von Wettstein 
P) appear to be the most important, while fully recognising the value of a new 
method of investigation, are seriously critical of the results so far obtained. 
Tliere is no sufficient proof that the specific proteid substances are being employed 
in determining the relationships. Since this condition, the necessity of which 
has been referred to above, is not fulfilled or is only satisfied in some cases, the 
serodiagnostic method cannot be employed with certainty as the basis for a 
systematic arrangement. It will therefore be abandoned for this purpose here, 
though particular results will be taken account of where they agree with the 
conclusions obtained by the usual methods of systematic botany. 

Further attempts to determine the origin of the Angiosperms by methods of 
comparative morphology may now be considered. The view of Wettstein (^) 
may in the first place be mentioned, that the flowers of Oasiiarina, regarded as 
the simplest angiospermic flower, may be connected with the inflorescence of 
Ephedra (Fig. 629). The male flower of Casuarina is derived from the male 
inflorescence of Ephedra in this way ; the bracts give rise to the perigone ; the 
bilocular anthers become united in pairs to give rise to quadrilocular stamens ; 
an assumed increase in number of the stamens results in an arrangement in 
alternating whorls ; and the formation of a corolla comes about by the trans- 
formation of stamens to petaloid staminodes. In a similar fashion the trans- 
formation of the V inflorescence of Ephedra into a female flow^er is pictured. 
Further, the discovery of a species of Ephedra the 6 inflorescence of which 
regularly terminates with some 9 flowers opens the possibility of arriving at a 
hermaphrodite angiospermic flower. Since insects are known to be attracted by 
the drop of liquid secreted at the micropyle, an entomophilous, hermaphrodite 
angiosperni flower, rendered conspicuous by the bright yellow anthers, would 
result. This transition is morphologically possible and ecologically compre- 
hensible ; it leads to the Yerticillatae (cf. the survey on p. 622), and through 
them to the Fagales. The further development from these forms is, however, 
a matter of difficulty. Support is sought for this line' of transition from the 
occurrence of chalazogamy (cf. p. 587) and similar phenomena in the Fagales and 
associated families. 

It can be objected to this theory that the families of Angiosperms assumed by 
WxTTSTXiN to be lowest are not primitive, but reduced, and that other groups such 
as the Polycarpioae seem to stand much closer in floral construction to the Gymno- 
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sperms. The peculiar course of the pollen-tubes is met with in other groups, 
such as the Rosales ; Mitrbeck p) has observed tliis in Alchemilla arvensis^ and 
he concludes that "we are concerned with a physiological peculiarity without 
phylogenetic significance, since the pollen-tube always can grow through the 
tissues of the style. 

The relative priniitiveness of the Polycarpicae was first maintained by 
Hallikr P) in a number of papers. Aubkr and Parkin take the same view 
and Diels has brought forward evidence in its support. More recently S. 
Hutchinson (-'*) concurs in the derivation of the Aiigiosf)eriiis from tlie Poly- 
carpicae. Serological investigation leads to the same result. 

The following characters of the Polycar])icae support this view ; the spiral 
arrangement of the numerous floral members on an elongated or broadened 
{Galyeaivthus) floral axis ; aj)ocari)Ous carpels ; actinomorphic flowers, from which 


zygomorphic forms may be derived. A sharp distinction between calyx and 

f corolla may be wanting ; the capacity of plastic 

transformation of stamens into staminodcs or 
})etals is present ; woody plants still without 
vessels are met with. Entomophily, with 
Colooptera as the floral visitors as in Encepha- 
lartoSf is found in Eupomafia and Calycanthus. 

Just as Wettstkin attempted to derive the 
Verticillatae and Fagales, wdiich ho regards as 
the lowest Angiosi)erms, from Ephedra^ on this 
alternative view the Polycarpicae are compared 
with Gnetum (cf. Fig. 632 and its explanation). 
That the Bennettitaceae do not come into the 
comparison as was the opinion of Arukr and 
Parkin lias already been pointed out by 
Karsten (*®), and Thompson (^‘)» though he is 
arguing for a derivation from the Amentiferae, 
comes to the same conclusion. Th 5 ^J^)iral 

^ arrangement of the 6 flowers is seen in Fig. 

Fio. 636.— L'nfOoarT/iemo??. a, stamens; v • i 

b bracts carpels. which represents a male inflorescence of 

Gyietum Gnewont consisting of only one whorl ; 
above the circle of 9 flowers (cf. Fig. ^2) the structure ends, as was shown 


by Strasburoer, with a terminal female flower. The presumably fertile 
female flowers have a jierigone and two integuments, the inner of which projects 
and excretes a drop of fluid to catch the pollen ; this fluid has a sweet taste 
and is eagerly sought by ants, etc. Thompson states that the pollen-grains 
frequently do not reach the tip of the nucellus but are retained in a dilatation of 
the micropylar tube ; since they here germinate ho regards this as a further 
approach to the relations found in an angiosperrnic flower. The decussate bracts 
are approximated to one another beneath the inflorescence. The main difficulties 
concern the male flowers, each of which has its perigono and an anther with two 


thecae ; the origin of an anther with four thecae might come about by the develop- 
ment of a septum in each loculus. If the origin of an angiospennic flower from 
such a whorl of flowers is pictured, the bracts would necessarily be supposed to 
enlarge as the protective organs of the flower (calyx or perigone), and thus be 
closed together in the bud. The result of this would be that the individual 
perianths of the male flowers would no longer be necessary, and (on the analogy 
of the reduction of the seed-coat in a drupe when the function of protection 
is taken over by the hard layer of the pericarp, cf. p. 692) would be gradually 
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The flowers in Dicotyledons are typically pentamerous and penta- 
cyclic, but there are numerous exceptions to this. The floral formula 
in the most regularly constructed representatives is K5, C5, A5 + 5, 
G5. 

A. Choripetalae 
(Petals not coherent) 

Order 1. Polycarpicae 

Hermaphrodite, usually brightly coloured flowers, with an elongated 



Fia. Myristica fragraiis. 1, Twig with male flowers nat. size). Sy Ripe pendulous fruit, 
opening. S, Fruit after removal of one-half of the pericarp, showing the dark brown seed 
surrounded by the ruptured arillus (Mace). U, Kernel freed from the seed-coat. 

receptacle on which the free perianth-segments, the stamens and the 
apocarpous carpels are spirally arranged ; the carpels are indefinite in 
number and may be very numerous. The separation of calyx and 
corolla is frequently indistinct, and in some cases (e,g. Galycardhm) 
even the foliage-leaves pass with their spiral arrangement into the 
bracts of the flower. The stamens have frequently a leaf-like form 
with the connective continued beyond the anthers, or forming a leafy 
expansion. The stigma terminates the carpel without a definite style. 
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Pollination by means of insects (in some primitive forms by beetles) is 
general. 

It is only possible to deal here with the most important forms. 

The various families of Polyoarpicae, although they frequently do Dot exhibit 
all the distinguishing characteristics, are phylogenctically connected ; this is sero- 
logically confirmed. They fall into two sub-orders which are distinguished by 
Hutchinson as the MagnoUales and Banales. The Magnoiiales are nearly all woody 
plants, the more simply constructed flowers of which (Myristicaceae, Calycanthaceae, 
Lauraceae, Aristolochiaceae) are less highly organised than the flowers of the 
Ranales ; in the latter they are usually brightly coloured and wilh a differentiation 
into calyx and corolla. The Magnoiiales are further characterised by possessing 
cells with ethereal oils. Their lower position is indicated also by the primitive 
type of wood of some forms from which vessels are absent. {Drtmys (^), cf. p. 143.) 



Fio. 689. — AfyrwWca. Tiansverse 
section of seed. m. ach.^ Seed- 
coat ; end, endosporm ; j)e, i)eri- 
sperm. 


Sub-Order 1. Magnoiiales 

Family 1. MagnoUace&e. — The plants of this family are all woody with large 
terminal flowers. The perianth - leaves, without distinction into sepals and 

petals, the numerous stamens, and the apocarpous 
carpels are all spirally arranged in ascending order 
on the elongated floral axis. The stigma ter- 
minates the carpel without intervening style. Oil- 
cells in the stem and leaves. Pollen-grains with 
one germ-pore. Drimys and Zygogynum have 
wood without vessels, like the Coniferae. Mag- 
iholia and Liriodendroji (Tulip tree) are frequently 
cultivated. 

Official. — Star-anise, obtained from Illicium 
verum, yields oleum anim. The fruits of JUidum 
religiosum (Japan) are poisonous. 

Family 2. Anonaceae. — Woody plants of the 
tropics, witli spirally arranged stamens and apocarpous gynaeceum ; seeds with 
ruminated endosperm. 

Family 8. Myristicaceae. — Resembles the preceding family, but the dioecious 
flowers are more simply constnicted (Figs. 638, 639), 

Official. — Myristica, Nutmeg. The seed of Myrisiica fragrans divested of 
its testa yields oleum myristicae. 

Family 4. Calycanthaceae. — These plants show a continuous sequence from 
the foliage leaves to the numerous free perianth-leaves, stamens, and carpels borne 
on the depressed floral axis. 

Family 6. Lauraceae. — Flower also composed of trimerous whorls ; perianth 
3 + 3; stamens 3+3. The three stigmas of the single, one-seeded pistil indicate 
its origin from three coherent carpels. Fruit, a berry or drupe. Anthers valvate. 
Aromatic trees or shrubs with entire leathery leaves, which usually persist for 
several seasons. Only SaBsafttu (Fig. 643), which has three-lobed leaves as well 
as simple ones, sheds its foliage annually. Lavrus noUlU^ the Laurel, is a 
dioecious, evergreen tree of the Mediterranean region (Figs. 640, 641). Large 
plantations are grown at the Lake of Garda, where the oil is extracted, and here 
the trees ripen their oval, blackish > blue drupes in October. The genus Ciwm* 
liwmum includes a number of economioally important trees such as the Camphor 
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tree from Japan and China and the Cinnamon tree from China and Ceylon. The 
latter is a stately evergreen with smooth, leathery leaves and inconspicuous, 
greenish flowers in axillary inflorescences. Pcrsea gratissima (Fig. 642) is a native 
of tropical Mexico, and is frequently cultivated as a fruit tree in the tropics. Its 
fruit is known as the Avocado Pear. Species of Cassytha^ the only genus of the 
family including herbaceous species, occur throughout the tropics as parasites 
resembling CusciUa. 

Official. — Camphora, Camphor, is obtained from Cinnamomum Camphora, 
CiNNAMOMi CORTEX and OLEUM ciNNAMOMi from Ciiinamonium Zeylanicum. 
Cinnamomum Oliveri yields oliveui cortex. 

Family 6. Aristolochiaceae. — The zygornorphic flowers (Fig. 568) have a 
simple coherent perianth and the androecium and gynaeceum united to form a 
gynostemium. Official. — Aristolochia serpentaria^ A. reticulata yield serpent- 
aria e RHIZOMA. 

The parasitic Rafflesiaceae (^) and the insectivorous families of the Cephalot- 

aceae, Sarraceniaoeae, and Nepenthaceae 
may best be placed with the Aristolochiaceae 
in the Polycarpicae. 

Order 2. Hamamelidales (^) 

This includes the two Families Hama- 
melidaceae and Platanaceae. — Woody plants, 
with stipulate leaves. Flowers as a rule 
inoonspicuoiis, without perianth and anemo- 
philous. Conspicuous, entomophilous flowers 
with a simple or, more rarely, double perianth 
also occur. Two carpels. 

Official. — Sty rax praeparatus from Liquidamhar orientaUs. Ham amelidis 
cortex and folia from Hamamclis virginiana, 

Platanus orientalis and P, occidentalis are commonly planted as shade-trees by 
the sides of streets. 

On the affinities of this order see Hallier who regard these 
plants as an important connecting link between the Gymnosperms 
and the Polycarpicae. 



Flo. 642.--Floral diagram of J*e 
(After Eichler.) 


Order 8. Centrospermae 

Herbaceous plants with as a rule hermaphrodite flowers which 
have a perianth of two whorls, the corolla being coloured. The 
campylotropous ovules and as a rule the free-central placentation are 
characteristic. This agrees with the connection with the Primulales 
which is indicated serologically. 

Family 1. Caryophyllaceae. — Herbs, with simple, linear, usually 
opposite leaves ; flowers typically pentamerous, with calyx and corolla. 
Two whorls of stamens, obdiplostemonous, Unilocular or incompletely 
septate ovary. K 5, C 5, A 5 + 5, G (^ (Fig. 645). Fruit, a capsule. 
Seeds numerous, embryo curved around the floury perisperm. The 
number of carpels ranges from 2 to 5. 
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Cerastium and Stellaria have white flowers and bifid petals, and are conspicuous, 
early-flowering forms. Species of DianthuSy Pinks, have frequently attractive 
colours and scent, and occur in dry, sunny situations. Agrostemma Oithago 
(Fig. 646), Corn-cockle, is a hairy plant with pink flowers. It is a common weed 



Vm. officinale. n at. size. After Bkrg and Schmidt.) i, Male iuttoresceuces on 

a still leafless branch. Fruits on a leafy shoot. S, Male flower. 4, Female flower. 6, 
Closed stamens of the two outer whorls. 7, Opened stamen of the innermost w horl. 8, Ovary 
showing the style and the ovule. 

in corn-fields : its seeds are poisonous. Saponaria officinalis is a herb attaining the 
height of a metre, with opposite, broad leaves and rose-coloured flo\fers. The 
saponin contained in all parts of the plant renders it poisonous (Fig. 644). 

Family 2. Chenopodiaceae. — Herbs, rarely small woody plants, 
with alternate leaves. Flowers typically pentamerous, with a single 
whorl in both perigone and aiidroecium ; P 5, A 6, G (2 y. Stamens 
opposite the perianth-leaves. , Reduced, unisexual flowers are not 
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infrequent. The unilocular ovary contains a basal, campylotropous 
ovule. Fruit, a nut. Seed with a curved embryo. 

This family exhibits reduction in its usually colourless perianth. 

Many of tlic Cheiiopodiaceae are straiid-jdants {Salicorniay cf. p. 164, Fig. 188), 
or occur on soils containing a large amount of salt, such as the great Asiatic salt 

steppes and deserts. The 
Spinach {Sp’ina^ia oleracea) 
and the Suminer Spinach 
(S. glabra) are used as veget- 
ables. The Sugar Boot {Beta 
vuJgaris, var. rapa) is a plant 
of great economic importance. 
It is a biennial plant, and 
in the first season forms a 
thick, swollen root bearing a 
bud consisting of a number of 
thick -stalked, entire, succu- 
lent, and often crisped leaves. 
From this rosette of leaves 
there spring.s in the second 
season a highly branched 
panicle, bearing the incon- 
spicuous greenisli flowers. 
Ovary formed of three carpels. 
At the end of the first season 
the root contains cane-sugar 
as a reserve-material, which 
at this stage is extracted 
from the plant. By constant 
selection the percentage of 
sugar is raised from 7-8% to 
an average of 15 %. The 
original form of the Sugar 
Beet is Beta patula, Cheno- 
podium and Atriplex are 
common weeds near Imman 
dwellings. 

The two following families 
are greatly reduced as an 
adaptation to adverse con- 
ditions of life. 

Fig. C44.---8a/)f;mrf<r (J nat. size). Voisoxous, Family 3. Alzoaceae. 

Mesemhryanthernum ; per- 
ennial herbaceous xeromorphic plants with succulent leaves. Flowers herma- 
ph* dite ; with a polypetalous corolla derived from modified stamens. Stamens 
numerous. Carpels 2- oo ; united to form the hygroscopic capsule. South African, 
The genus includes plants which “mimic” pebbles, e.g. Memmhryanthemum 
trunccdellumt M. psmdo^trmmUllumf M, Boludi, M, calcareum^ etc. (*•). 

Family 4. Cactao 0 ae.-~For the most part leafless plants with succulent stems, 
natives of America. In size they range from very small to gigantic forms. Flowers 
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hermaphrodite, actinoinorpliic, less commonly dorsiventral. Perianth of many 
members, spirally arranged and showing a gradual transition from the calyx to the 
corolla. Stamens and carpels numerous. Ovary inferior, unilocular, with numerous 
parietal placentas. Ovules with long stalks. Fruit, a berry, the succulent tissue 
being largely derived from the stalks of the seeds. Closely related by floral 
structure and anatomy to the Aizoaceae. 

Only Pcireskia and some species of Opmitia possess leaves. Other species of 
OpuTVtia have flattened branches (Fig. 190). Cereus (Fig. 194), EchinoeactuSf etc., 
with longitudinal ridges on the stem ; Mamillaria has free projections (mamillae). 
The numerous groups of spines on tlie shoots, ribs, or sejiarate mamillae correspond 



Fio. 647. — Cerewa geometrizans. Two of the ribs or h'lo, (j{ Folygonuvinmpleai- 

ridges of a iive-ribbed stern bearing flowers and fruits showing the ochrea, st 

(I nat. size). (S ^^^t. size). 

to axillary shoots, the subtending leaves of which are reduced, while the leaves 
of the expanded axis of tlie axillary shoot are metamorphosed into spines (Fig. 647). 

Cactaceae form a dominant constituent of the vegetation in the dry south- 
western regions of the United States, in Mexico, and in the Andes of South America. 
A similar habit is found in some Euphorbiaceae and Asclepiadaceae living under 
corresponding climatic conditions (cf. p. 166 Convergence). There are numerous 
epiphytic Cactaceae, especially species of Mhipsalis^ Epiphyllumf and Phyllocaetus, 
Opuntia ficus indica has become natui'alised in the Mediterranean region. The 
fruits of this species and of others of the genus are edible, and the plants are 
cultivated as fruit-trees. Some Cactaceae, such b,s, Anhalonium, contain highly 
poisonous alkaloids and saponin. The Cochineal insect is grown upon species of 
Optmtia and Kopalea (AT. coccinelUfcra), 
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Order 4. Polygonales (*’) 

Family 1. Polygonaceae. — For the most part perennial herbs, with hollow 
stems swollen at the nodes, and alternate, simple leaves. The membranous 
stipules of the latter are coherent to form a sheath or ochuea protecting the 
terminal bud ; when broken through by the growth of the stem, this remains as a 
tubular sheath around the lower part of the internodc (Fig. 648). Perianth simple, 
usually colourless ; ovules atropous. 

Mainly natives of the North Temperate zone. 

Genera. — Rheumy Rhubarb. This is an East Asiatic genus, originating from 
the mountains of China, with large, radical leaves and a large, spreading, paniculate 
inflorescence. Leaves simple, cordato-reniform, with palmate venation, sometimes 
more or less lobed. The flower has a perigone of two similar whorls, and t\ro 
whorls of stamens, the outer whorl being double by chorisis ; P3 + 3,A6 + 3, G (3). 
Nectar for visiting insects is secreted by the large scales of the disc. The 





Fio. offidmle. J, Flower; li, llie same cut through longitudinally; C, gynaeeeuin 

with disc. Rheum compuctum: D, fruit-. (After Ij^ussen, magnified.) 


triangular ovary becomes winged as it develops into the fruit (Fig. 649 Z>). Species 
of Rheum are cultivated as ornamental plants and as vegetables. Rumex acetosay 
Sorrel, with sagittate leaves. The structure of the flowers of the hermaphrodite 
species of Rumex is similar to that of Rheum, but the inner whorl of stamens is 
wanting. On parthenogenesis in Rumex, cf. Roth (*’), The species of Polygonum 
have a perigone consisting of five coloured leaves and a varying number of stamens. 
The triangular fruits Fagopyrum esculentum form Buckwheat (Fig. 608 B), 
Official. — Rheum officinaUy Rh, palmatum, and probably other species yield 
RHEI IIHIZOMA. 


Order 5. Piperales 

Single Fan^ily. Piperaoeae. — The genus Piper is important. Flowers as a rule 
unisexual and without perianth, associated in spikes; typically trimerous but 
usually reduced. Ovary unilocular, ovule solitary, basal and atropous. Fruit 
drupe-like. The embryo is embedded in a small endosperm surrounded by a well- 
developed perisperm. The vascular bundles are scattered in the cross-section of 
the stem resembling the arrangement in Monocotyledons, but with secondary 
thickening. 

Piper nigrtmy from which the Peppers are derived, is the most important 
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representative. This is a root-climber, native to the Malayan region, but now 
cultivated throughout the tropics (Fig. 660). The unripe fruits provide black 
pepper, while white pepper is obtained from the ripe fruits after removal of the 
outer layers of the pericarp. Peperomia (®®), tropical shade-plants and epiphytes. 

Official. — Piper cuheha (Fig. 651) is a native of Java and is distinguished by 
the stalk-like base of the fruit from that of the Black Vepper. It provides 



P'10. 660 .— i'tpcr nigrum. (J nat. size.) 


CUBEBAE FRUOTUS, OLEUM CUBEBAE, TIKCTURA OUBEBAE. Piper Beth yields BETEL. 
Piper methysticum yields kavae rhizoma. 

Order 6. Santalales (^) 

Family 1. Santalaceae. — Green plants growing in the soil and partially 
parasitic on the roots of other plants from which their haustoria obtain nutrient 
materials. In Britain, Thesium^ 

Official. — Santalum album, the wood of which when distilled yields oleum 
santali. 
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Family 2. Loranthaceae. — Leafy s 
of trees. They are most abundant 
in the tropics, and, for instance in 
South America, add to the beauty of 
the forest by their brightly coloured, 
ornithophilous flowers. 

Loranthiis europaeus^ on Oaks in 
Europe. In Britain Viscam album 
(Fig. 652), the Mistletoe, occurs as 
an evergreen parasite on a number of 
trees. It has opposite, obovate 
leaves. Stem swollen at the nodes. 
The white berries are distributed by 
birds. The sucker, without a root- 
cap, emerging from the seed pene- 
trates the cortex of the host to the 
wood, into Avhich it cannot grow. 
Its tip becomes embedded in the 
new wood formed by the cambium of 
the host. Further growth in length 
of the sucker is ettected by a zone c 


li-parasitic shrubs, living on the branches 



Fn;. 051.— JHper ciibeba. a, IiifrnctHsceiice ; h, a 
male flower ; c, a female flower in longitudinal 
section ; d, fruit in longituditial section. (After 
Bero and Schmidt.) 

orresponding in position to the cambium of 



Fio. 652.—VU0um edbum. With flowers and fruits, (i nat. size.) 
the host* Keduction in relation to parasitism is seen in all the genera and species. 


634 


BOTANY 


PABT II 


Order 7. Urtieales 

Plants with usually diclinous small flowers closely aggregated in 
the inflorescence. Stamens equal in number to the leaves of the 



Pio. 658.-— Wmtt.s cawjuistris <§ nat. size). 1, Branch with flowers. S, Branch with fruits. 

5, Single flower, enlarged. 

perigone and superposed on the latter. Ovary superior, composed of 
one or two carpels, usually unilocular, and containing a single, 
pendulous ovule. Fruit, a nut or drupe. Seeds usually containing 
endosperm. 

Family 1. Ulmaoeas.—^/mi^f eampestris (Fig. 653), the Elm, is a common 
European tree. The arrangement of the leaves on. the sides of the twigs in two 
rows and the corresponding branching leads to the leaf-surface exposed on eaoh 
lateral branch making a definite angle with the main branch and composing the 
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regular convex crown of foliage exhibited by older examples. The leaves are 
always asymmetrical. The flowers stand in groups in the axils of the leaves of 
the previous year ; they are hermaphrodite or, by abortion, unisexual. The 
stamens are straight in the bud. The tree flowers in February or March, and 
the fruits ripen before the leaves expand. The fruits are broadly winged and 
ada])ted to be carried by the wind. V. montanay U. effusa are closely related forms. 
Several species of CeltiSy in which the fniit is'a drupe, are in cultivation. 

Family 2. Moraceae. — The majority are trees or shrubs with 
abundant latex. Leaves alternate, stipules caducous. Flowers uni- 
sexual, in globular or disc-shaped inflorescences ; mostly tetramerous. 



Fro. 6.54. —Ficus hengaUnsis in the Botanic Garden at Buitenzorg. 

Important Representatives. — In addition to the Mulberry trees, of which 
Morus alba is cultivated for the rearing of Silk- worms and M. nigra (Fig. 611 
as a fruit-tree, the genus Ficus deserves special mention. The species occurring 
farthest north is the Common Fig (*®) {Ficus caricay Fig. 563), w'hich is endemic to 
the Mediterranean region, and has been long cultivated. It is a low tree with 
palmately incised leaves and stipules, which form a cap-Rke protection to the bud. 
The inflorescences are hollow, pitcher-shaped structures wiih a narrow opening. 
The flowers are borne closely crowded together on the inner surface,* The flat, 
disc-shaped inflorescences of Dorstenia which bear the flowers on the upper surface 
are in many respects corresponding structures. On the distribution of the 
fruitlets cf. Goebel (**). On the i)ollination of the Fig cf. p. 668, Fig. 563. Tbe 
sweet, fleshy portion of the edible Fig is developed from the hollowed axis of the 
inflorescence together with the perigones of the individual flowers. The small, 


BOTANY 


TART II 


m 


hard, seed-like bodies are the fruits developed from the ovaries of the small 
flowers. Some species of Ficus are among the largest trees of tropical forests. 
The most remarkable is the Banyan {Ficus heugalensis), which occurs in the East 
Indies. The seeds, carried by fruit-eating birds, germinate on the branches of 
trees, where the plant develops as an epiphyte. The proper form of the tree is 
only seen, however, after the roots have reached the soil, and it is no longer de- 
pendent on the scanty food-supply obtainable in the epiphytic j)Osition. Tlie host- 
])lant is gradually strangled, additional roots are sent down to the soil and thicken 
into pillar-like supports, and ultimately a small wood caj)able of sheltering an entire 
village is developed from the single small seedling (Fig. t)54). The latex of Ficus 



Fio. lupuhuf. 1, Male iafloresceDCe. S, Female infioresceiice. 3, Two female 

flowers in the axil of a bract. 4, Gone-like inflorescences in fhiii. (4^ iiat. size.) 

eUistica is obtained from the tree by making incisions in the bark, and serves as 
one source of india-rubber. Castilloa elastica is another important rubber- tree of 
Central America. The gigantic inflorescences of species of Arioearpus when in fruit 
are eaten raw or cooked, and form the Bread-fruit of the tropics. 

Family 3. Cannabinaoeae. — Humulus lupulus, the Hop is a native 
of Central Europe ; it has a perennial rhizome, which annually produces a crop of 
twining shoots (Fig. 655). The stem and opposite leaves bear coarse hairs, and the 
former bears hooked prickles which prevent it slipping down the support. The 
male flowers of this dioecious plant are pentamerous, with straight stamens and 
grouped in dichasia, the central branches of which are capable of further growth. 
The branches of the female inflorescence are catkin-Hke, the scales being formed 
of the pairs of stipules belonging to bracts, the laminae of which are suppressed. 
The axillary shoot of the bract ia also suppressed, but each stipule has two flowers 
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in its axil ; each flower is enclosed by its own bract. These bracts project beyond 
the stipules when the inflorescence is mature, and give the latter its cone-like 
ap]>earance. U])on them are developed the glandular 
hairs on account of which the Hop is cultivated. 

CannaUs sativa, Indian Hemp, is an annual herb 
with ]»almately divided, hairy leaves. The plant is 
utilised in Eurojje for its bast fibres, which are from 
one to several centimetres long. The glandular hairs 
which cover all })arts of the female inflorescence 
secrete a sticky resinous substance which is used 
medicinally. In the East it is used in the preparation 
of a narcotic called Hashish. 

Official. — CannaMs saliva provides cannabis 

INDICA. 


Pin, e.'iG.—Nttto mminalu. A, 

Flowering male twig(nat. si/e). 

Ji, Male flower with subtending 
bract (niagnifled). C, Female 
infloreflcenee. Female 

flowers (rnagnitled). F, Fruit 
(nat. size). 0, The same mag- Fin. Q57.—Fopulus nigra, 1, Male inflorescence, g. Female 
nilled. H, Seed (magiiilled). inflorescence. 5, Male flower. 4, Female flower, f), Fruit. 
(After ScHiMPEB.) G, Seed. (I, 5, f nat. size ; 5.6‘, enlarged.) 

Family 4. ITrtlcaoeae. — Perennial herbs. Leaves simple, stipulate. Flowers 
unisexual by suppression of parts, as a rule bimerous. P 2 + 2, A 2 + 2. Stamens 
inflexed in the bud, and scattering the pollen when they suddenly straighten. 
Perianth of the female flower adherent. Ovary consisting of a siiigle carpel, 
unilocular, with a basal, atropous ovule. The ripe fruits of species of Pika and 
El€Uo$te7nma are forcibly dispersed by means of organs developed from staminodes (^). 

A number of the Urtioaceae are characterised by the possession of stinging 
hairs (cf. Fig. 49). Some provide important fibres, especially JBoehmeria nivea 
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from which Ramie fibre is obtained. Our native species of Urtica provided textile 
fibres in the times before cotton was discovered, and were again employed during 
the war. 


Order 8. Salicales 

Family Salicaceae. — Dioecious trees and shrubs with simple, alternate, stipu- 



Fig. 658.— regvx, J, Branch with young leave.s, male catkins, and at the tip female flowers, 
f?, Male*flower. S, Female flower. 4, Fruit with the outer layer of the pericarp in part 
removed. nat. size.) 

late leaves. Flowers in catkins greatly reduced. Ovary of two carpels, uni- 
locular. Fruit, a capsule containing numerous, parietal seeds. Seeds without 
endosperm. 

This family is mainly represented in the north temperate zone. Salvc^ Willow, 
and Populu8f Poplar, are the only genera. Salix has erect catkins and is adapted 
for pollination by insects ; in relation to this, nectal* is secreted by small scales 
at the base of the Sower. Male flowers scented ; pollen sticky. The number of 
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stamens varies from two to five in the different species. Bracts entire (Fig. 656). 
Willows occur commonly by the banks of streams. Some species are among the 
more abundant plants of high northern latitudes ; they have subterranean, creeping 
stems, only the young shoots projecting from tlie soil. Populus has anemophilous 
flowers ; disc cup-shaped ; no secretion of nectar. The long-stalked, roundish leaves 
of the Poplars give them a different habit from the Willows. . Flowers similar to 


those of SaliXf but with 
divided bracts. Catkins 
pendulous (Fig. 6.57). 

Official.— Salicinum 
is obtained from the bark 
of species of Salix and 
Popiilus. 

Order 9. Juglandales 
Family Juglandaceae. 

— Conspicuous, monoecious 
trees of the northern hemi- 
sphere witli im pari pinnate, 



/i 


Fio. 65U. — Alnu^ (jlntinom. Dia- 



grams of the male and female Fuu^^.—Iktuhi verTucam. 1, Branch with terminal male catkins 
flowers. Bract &; bracteoles and female catkins on small lateral branches. Female 

a /5, a fi', a, /3,. (After flower. S, Male flower. 4, Stamen. />, A catkin in fiuit. 

EirHi.BR.) 0, Fruit. (J and 5, 3 nat. size ; ;?-4 and 6’, enlarged.) 


aromatic leaves arranged alternately. Stipules wanting. The reduced anemo- 
philous flowers are grouped in catkins. 

The Walnut, Juglans regia (Fig. 668), is the best-known representative of the 
family. It is endemic in Western Asia, but the tree is in cultivation throughout 
Europe. In spring the axillary buds of the previous season produce long, thick, 
pendulous S catkins bearing numerous flowers. Each of the latter has 3-5 perianth- 
segments, and these, together with the two bracteoles, are adherent to the bract 
and surround the numerous stamens. The female flowers in smaller numbers are 
borne at the summit of the young shoots. The two car^ieis terminate in large, 
feathery, diverging stigmas. The perigone is adherent to the bract and* bracteoles. 
The single loculus of the inferior ovary encloses an atropous, basal ovule. Fruit, 
a drupe, developed after chalazogamous fertilisation (Nawasohin) ('‘^). The exocarp 
contains abundant tannin. Within the stone is the embryo, enclosed in a thin 
seed-coat. The large cotyledons, which contain oil, are lobed in correspondence 
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with the false septa tlTat project from the inner surface of the ovary. Endosperm 
wanting. Other species of Juglans and Curya yield edible seeds and valuable 
timbers. 


Order 10. Fagrales 

Trees or shrubs usually with entire leaves and deciduous stipules. 



Fio. dQl.—Carpiniis hetulus. i, Branch with male catkins projecting from the buds of the preced- 
ing year and female catkins on the growth of the current year. S, Female catkin in ft-uit. 
3, Male flower. 4, Stamen. 6, Bract with two female flowers. 6, Female flower. 7, Fruit. 
(1, 7, § nat. size ; 3-6 enlarged.) 

Monoecious. Flowers greatly reduced, anemophilous, in catkins. 
Ovary inferior ; ovules pendulous, frequently chalazogamic. Fruit, a 
one-seeded nut. Endosperm wanting. This order includes most of 
our important forest-trees. 

Family 1. Betulacaae.— Male flowers adherent to the bracts. Ovary bilocular, 
with two long stigmas ; a single, pendulous ovule in each loculus. Mainly 
distributed in the northern hemisphere. 

Most important Genera. — Alnus glutinosa, the 'Aider, is a prominent tree 
of damp woods, and is also distributed in swamps and by the banks of streams. 
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The inflorescences are already evident in the autumn as stalked catkins, the male 
long and pendulous, the female erect and short. Male flowers P4, A4 ; a dichasium 
of three flowers adherent to each bract (Figs. 560, 659). The female flowers are in 
pairs, their bracteoles adhering to the bract to form the five-lobed, persistent, 
woody scale of the cone. Alnus incana is distinguished by its leaves being grey 
and hairy below. The Alder has root-tubercles caused by bacteria which in 
symbiosis with their host-plant can assimilate free nitrogen. JBetula verrucosa 
(Fig, 660), the Birch, has a white bark and long-stalked, triangular leaves. When 
young, all the parts are covered with numerous glandular hairs which give the 
plant an aromatic, resinous odour. The male inflorescences are formed in the 
autumn of the previous year, singly or a few together, at the tip of shoots of 
unlimited growth. Flowers 1% A2 ; in dichasia of three, adherent to the bract. 
Anthers deeply bifid (Fig. 660, 3, 4). Female inflorescences solitary, at the aj)ex 
of small, short shoots of 
the current year. Flowers 
in dichasia of three in 
relation to eacli three- 
lobed scale ; the latter is 
composed of the bract 
and the two adherent 
bracteoles. Fruits borne 
on pendulous catkins ; 
winged. After the fruits 
arc shed the scales of the 
catkin separate. Carpinus 
betulusy the Hornbeam 
(Fig. 661), is an important 
forest- tree. The inflores- 
cences appear in spring ; 
the male, from axillary 
buds of the previous year, 
either want leaves or are 
accompanied by one or two, the female are usually terminal. The bract of the 
male catkin bears 4-10 stamens, bifid to the base, but without bracteoles or 
perigone. Two female flowers in relation to each bract ; each flower with its 
special bract and pair of bracteoles. The three later unite to form a three-lobed 
involucre which serves as an aid to distribution of the fruit by the wind. Corylus 
avellana, the Hazel, develops its inflorescences in the preceding year. The male 
catkins are freely exposed during the winter, while the female reniain enclosed 
by the bud-scales, and only protrude their long red stigmas between the scales 
at the actual time of flowering. The male flower has no perianth but has a 
pair of bracteoles which are adherent to the bract, as are the four deeply bifid 
stamens. In the short female catkins a two-flowered dichasium is present in the 
axil of each bract as in Carpinus; the fringed involucre also is derived from 
the coherent bracteoles and special bract of each flow^er. Corylus tuhulosa from 
southern Europe. 

Family 2. Cupuliferae. — Inflorescences in the leaf-axils, bearing 
male flowers provided with a perianth, and female flowers, one or 
more of which are enclosed in a cupule (Fig. 664 cp ) ; this in Fagm 
and Oa^anea is formed of coherent bracteoles, while the cupule of 
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Quereus arises as an annular growth from the axis, (Prantl- 

Troll) (^). 

Distnbuted chiefly in the teni]^>eiate zones of the noi thorn hemisphere, also in 
tropical Asia. 



Fio. 668.— FafTWA sylvatioa (§ nat size ) J, Branch with male and female mflorescences. S, Male 
flower. 5, Female flower 4, Open cupule with two fruits. 6, Fruit 6, Transverse section of 
a fruit show ing the folded cotyledons of the embryo. (H, S, 6, enlarged.) 

Mokb important Species. — Fagius sylvahca, the Beech (Fig. 663), is one of oui 
most important deciduous trees. The leaf is entire, elliptical, shortly-stalked, 
and, especially when young, covered with fine hairs. Leaves two -ranked. 
Inflorescences on shoots of the current season. Male inflorescences capitate and 
pendulous, flowers with an oblique, bell*shaped perianth and usually 8-12 stamens. 
Female inflorescences terminal, capitate and erect ; flowers in two-flowered diohasia. 
The cupule surrounds both flowers (Fig. 664 F), and completely envelops the 
tHangular, nut-like fruits ; at maturity it opens by splitting into four valves. 
Its surface is covered with nuiperous, blunt prickles. 
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Caatanea vulgaris^ the edible Chestnut, is a native of the Mediterranean region. 
The inflorescences on shoots of the current year bear in some cases only male 
flowers, in others female flowers at the base and male flowers above. Flowers 
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Fio. 064.— Diagrams of the feinalo (Uchasia of: AfCastanea vulgaris; B, Fagus sylvatica ; C, diagram 
of the single flower of Quercus pedunculaki. h, Bract ; a hracteoles ; a, fi,, a fi', bracteoles 
of the secondary flowers adherent to the cupule. ( A ^ jU, after Eichler. C \ after Prantl- 
Froll.) 


grouped in dichasia. Female dichasia three- flowered (Fig. 664 A)y so that three 
nuts come to be enclosed within the spiny cupule, which splits into four valves. 
The Oaks, Quercus pcduThculata (Figs. 665, 666) and Quercus sessilifloray are the 
largest deciduous trees of European woods. Leaves oval, margins sinuately lobed. 
The pendulous male inflorescences spring, 
at the time that the new foliage is ex- 
panding, from axillary buds of the shoot 
of the preceding year or from the lowest 
buds of the shoot of the current year ; 
flowers solitary, consisting of a perianth of 
6-7 segments and 6-12 short stamens. 

Female inflorescences erect, few-flowered, 
in the axils of the upper leaves of the 
shoot of the current year. Flowers in 
three-flowered dichasia, the lateral flowers 
of which are suppressed. The remaining 
central flowers in Q. pedunculata with 
long stalks, in Q, sessilifiora sessile. Each 
flower is invested by a cupule (Fig. 664 C), 
which is at first inconspicuous, but is fully 
developed on the ripe fruit. 

The Beech yields firewood, tar, and 
pyroligneous acid ; the Oak provides a 

valuable timber, a bark containing tannin used in tanning, and cork from the 
Cork-oak. 

Official. — The galls (oAiiLA) produced on the young twigs of Quercus in- 
fectoria as a result of puncture by the Gall-wasp, Cynips tvndoria ; Tannic Acid is 
obtained from these. Betula lenta yields oleum oaulthekiae. 



Fjo. Quercus pedunculata, longitudinal 

section of the female flower, b. The young 
cxipule ; e, ovule ; d, ovary ; c, perigone ; 
/, style; g, stigma. (After Bero and 
Schmidt, magnified.) 


Order 1. Polycarpicae 

Sub-Order 2. Baaales 

Returning to the consideration of Order 1. Polycarpicae (p. 623), 
the second Sub-order Kanales has to be described here. 
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In this Sub-order, which comes under the general description of 
the Polycarpicae on p. 623, the flowers are for the most part brightly 
coloured and entomophilous ; the Ranales include herbaceous forms, 
sometimes amphibious or aquatic and exhibit close connections with the 



Fio. 606.— pedtinculaUi. A, Flowering branch; B, a male flower (magnified); C’, atainena 
(inagnifled) ; D, a female flower (magnified) ; E, infmcteHcence ; F, cupule ; G-H, seed. (After 
S('HIMPER.) 

Monocotyledons (^). The families placed first, like the Lauraceae in 
the Sub order Magnoliales, are provided with a trimerous perianth and 
three whorls of stamens. 

Family 1 . Berberidaeeae. Hermaphrodite flowers, with a perianth 
of two trimerous whorls, two or more trimerous whorls of stamens and 
one carpel, bearing the ovules on the ventral suture. In Berheris vulgaris 
the leaves on the shoots of unlimited growth are transformed into 
spines. 
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Official. —P oDOPHYLLi riiizoma obtained from the North American Berberi- 



Pkj. 6(i7. —Poilophylluin ‘peUatuin (i nat, size). (Frotn Nat. rflatizenfamUien.) 


(iaceous plant, Podophyllum pcltalum (Fig. 667), P. cmodi, yields podophylli 
INDICAE UEsiNA and KiiizoMA. Bcrheris arisiata yields Beuberis. 

Family 2. — Menispermaceae. — ___ 

Abundant in the tropics ; mostly 
climbers. Flowers trimerous, with 

Official. — Calumbaf. radix 
from Jateorhiza Columba.^ a twining /' ' ' > V 

plant of tropical East Africa. 

Family 3. Nymphaeacoae.— Aqua- #r 

tic plants witli submerged or floating |(|r 

leaves, the latter often of very large a 
size; the vegetative organs contain vv . 

latex (Figs. 668-670). The origin of In |||\ % 
the Monocotyledons is to be sought \W aI|I\ 
in the neighbourhood of this family. 1 

Cahomba aquatica has trimerous ll 

flowers, with a perianth of two whorls, \\ 7 / 

two whorls of stamens and three 
carpels (Fig. 670). Its shoots have fl 

divided, submerged leaves, and entire 

floating leaye* which appear at the ««8— oJta (J nat. ai7,^> The spiral 

time of flowering. The posseesion of i„,,rtion8 on the ovary to the left, 

laticiferous tubes is characteristic. 

Nymipkam alha^ the White Water Lily (Figs. 668, 669), has large, floating leaves 
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and white flowers, protected by firm green sepals. Within tlie corolla comes the 
zone of numerous stamens and the inferior ovary composed of numerous coherent 
carpels. The spiral arrangement of the members of the perianth and androecium 
is seen by the scars of their insertion when they are removed from the inferior 
ovary (Fig. 668), and in the floral diagram (Fig. 669). In Nuphar the ovary is 
superior and the sin.ill petals bear nectaries ; the conspicuous calyx renders the 



Fio. — Nymphaea . 
Floral diagram (After 
Noll.) 



Fui. G70.— J, Floral diagram, i?, Fruit of Cahcmhi aqmtica 
Hliowiiig two carpels developed as partial fruits, (x 4. 
After 13ailix)n.) 


flower attractive. In Nclumbium^ both the leaves and flowers are raised above 
the surface of the water. Victoria regia from the Amazon, and Euryale ferox 
from tropical Asia, have gigantic floating leaves ; they are often cultivated in 
Botanic Gardens, The flowers of the former are beetle-pollinated, while the latter 
is autogamous. 

Family 4. Ranunculaceae. — The plants belonging to this family 



Fio. 671.— Floral diagrams of Ranunculaceae. Ay Adonis aufiintmtlis. B, Aconifum napellus. 
C, AquUegia vulgaris, D, Cimiei/uyn racemm, (After Eifriit.KR.) 


are annual herbs (Myosurus), more commonly perennial herbs (Caltha), 
or rarely low or climbing woody plants {Clematis, sjiecies of Paeonia) 
with alternate, exstipulate leaves. Flowers hermaphrodite, the members 
in many cases arranged spirally ; this is very evident in Myomrus 
and where the stamens and the carpels are numerous (Figs. 671, 
672). Perianth either forming a simple or double perigone (Jeoniitm), 
or differentiated into calyx and corolla (RanuneUm). Stamens in- 
definite. Pollen-graiiis with at least three places of exit for the 
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pollen- tubes. Carpels three to indefinite, borne on the convex 
receptacle \Fig. 672), and forming an apocarpous, superior ovary. 
Ovules, borne on the ventral suture, singly or in numbers. The 
partial fruits are follicles (Paeonia), achenes (Anemone), or berries 



Picj. 672.— a, Flower of Ranunculus sceleratus ; 6, the same, cut through longitudinally ; 
magnified. (After Baillon.) 


(Hydrastis), Seed with a small embryo enclosed within the large, 
oily endosperm (Fig. 673). 

IMP()KTAI^T Geneua. — Many of our commonest meadow and woodland plants 
belong to this order. They are all in greater or less degree poisonous. A number 
of species of Ranunculus, characterised by the usually yellow flowers, convex 
receptacle, and fruit composed of numerous free achenes, occur in Britain. The 
petals have a nectary at the base. Leaves palmately 
divided more or less deeply. R, sceleratus is very poisonous 
(Figs. 672, 674). R, arvensis with large, spiny achenes 
or nutlets (Fig, 678). The aquatic species of Ranunculus, 
belonging to the section BatraMum, are often heter<r- 
phyllous (Fig. 136), the floating Teaves serving, as in 
Cabomba, to support the flowers above the surface of tlie 
water. 

Species of Anemone are also widely distributed in Europe. 

A, nemorosa occurs commonly in woods and is one of our 
early spri^ flowers. It has a horizontal, subterranean 
rhizome, y^ch terminates in a flower, the further growth 
^of tire plant being carried on by a lateral shoot. Perianth 
simple, petaloTd. All species of Anemom have, at a greater 
or less distance from the perianth, a whorl of, usually, three 
leaves forming an involucre (Fig. 675). In A, hepatiea this 
stands just below the periantli and thus resembles a calyx. All the species are to 
some extent poisonous, especially A, Pulsatilla (Fig. 675). The plants of the genus 
Clematis are mostly woody and differ from other Ranunculaceae in having opposite 
leaves. Many species are cultivated. (7, vitalha is oiiie of our few native lianes. 
The achenes of the species of Clematis and of many kinds oi Anemone are provided 
with hairy or feathery appendages, which facilitate their distribution by the 
wind. Caltka palustris, the Marsh Marigold (Fig. 676), is one of the most 
conspicuous spring flowers in damp meadou^. Perianth simple, bright yellow. 
Leaves cordate or reniform, short-stalked, with erect sheathing base. Fruit, as 
in the species of Eellehotus that flower in the winter, composed of follicles. The 



Fio. 678. — Ranunculus 
arnensis. Carpel in 
longitudinal section. 
(Enlarged. After 
Baillon.) 
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Fio. 675.— Anemone PtUeatUla (4 nat. size). Poisoyotrs. 
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Monkshood (Aconitum napellus) (Fig. 677 A^ B) is a stately perennial herb with 
underground tubers and occurs most commonly in alpine meadows. The leaves 
are palmately divided, the segments being in turn pinnately lobed. Inflorescence 
a dense raceme, reinforced by lateral inflorescences standing in the axils of the 
upper leaves. Flowers zygomorphic. One of the five dark-blue sepals is helmet- 
shaped, and protects two 
long-stalked, tubular, two- 
lipped nectaries, which (as 
in Ilellehorus and Eravihis) 
correspond to petals. The 
remaining petals are wanting 
or are reduced to incon- 
spicuous, narrow structures. 
Aconitum Lycoctonum has 
smaller yellow flowers of 
similar construction. All the 
species are poisonous. Aqui- 
legia. Delphinium^ and Fae- 
onia are favourite ornamental 
I>laiits with showy flowers. 
Ill Acimu and Hydrastis the 
fruit is a berry. 

Official. — Agon in 
RADIX is obtained from Aconi- 
turn napellus, S T aphis- 
AGIUAE SEMINA from Delph- 
inium staphisagria, Hydra- 
stis RHizuMA from the North 
American Hydrastis Canad- 
ensis^ a perennial herb which 
sends its subaerial shoots up 
from the subterranean 
rhizome ; the base of the 
shoot has keeled scale-leaves 
in two ranks. The flowers 
are solitary and terminate 
the shoots, each of which 
bears two foliage-leaves. \ The 
simple white perianth falls 
when the flower opens. The 
androecium and th^ apo- 
carpous gynaeojjimy^ of 
numerous mem Dew. ^ The 
fruit consists of numerous small berries, each of which includes 1*2 f|Sds. The 
alkaloid hydrastine is obtained from the rhizome. ^ 



Fio. e>76.—Caltha poUnstris (| nat. size). Poisonous, 


Order H. Bhoeadales 

Herbs, or more rarely shrubs, with alternate, exstipulate leaves. 
Flowers hermaphrodite, cyclic; whorls usually bimerous. Ovary 
superior, unilocular. Placentas on the united margins of the carpels, 
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The relationship of the families grouped in this Order is confirmed serologically. 
The occurrence of systems of tubes with various contents is noteworthy. 

Family 1. Papaveraceae (*♦).— This family connects the order to the Polyoar- 
picae by such characters as the presence of laticiferons tubes (Nymphaeaceae), 
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occurrence of trimerous flowers in Boccmia (Berberidaceac), the stigmas situated 
directly above the carpels and the occasional occurrence of an apocarpous gynaeceum 
{e.g, PlcUysteimon), The increase in number of stamens is brought about by chorisis; 
they are cyclic. The seeds have abundant endosi>erm. 

Ghelidonium 'triajus, Celandine, has yellow latex and a bicarpellary ovary. Gh. 
laciniatum is a mutant of Oh. majua. A number of species of Escholtzia^ Arge- 
mone^ and Papaver are cultivated as ornamental plants. Papaver the 

Poppy (Fig. 679), is a common weed in corn-fields. The bent position of the 
flower-bud is characteristic. Papaver somniferum^ which is of Oriental origin, has 
abundant white latex. The ovary is unilocular, and in the ripe fruit the separa- 
tion of the central portion of each carpel from the placentas at dehiscence is 
limited to the tips of the carpels. These portions bend outwards just below the flat 
stigniatic expansion, and the kidney-shaped seeds are thrown out of the small 
openings when the capsule, borne on its 
long stalk, is moved by the wind. 

Official . — Papaver somniferum^ the 
Opium Poppy, yields opium and codkina. 

Papaver Rhocas yields rhoeados PFiTALA. 

Family 2. Fumariaceae.— Tliis small 
family is of interest on account of the 
occurrence of transversely zygomorphic 
flowers in GonjdaHs (Fig. 680) and a 
bi-symmetrical corolla with two spurs in 
Dicentra spectahilis. The fruits are nutlets 
in Fumaria and capsules in Gorydalis and 
Dicentra, Seeds ^^ith endosi>erm. 

Hr 

Family 3. Cruciferae (^^). — This 
family is mainly distributed in 

i.1. 1. • u A 1 ¥ia. 6 » 2 .-—Cardainine praten»is, Floww with 

the northern hemisphere. Annual, perunti, removed, (x 4. After Ba.llon.) 
biennial, or perennial herbs without 

milky juice. > Inflorescence racemose, usually without bracts or 
bracteoles. Flowers actinomorphic, always lateral, composed of 
bimerous whorls. Floral formula, K 2 + 2, C 4, A 2 + 4, G (2) (Fig. 
681). The outer whorl of sepals stands in the median plane ; the four 
petals alternate with the sepals. The two outer stamens are shorter 
than the four inner ones which stand in the median plane (p. 119). 
The latter correspond to two stamens branched to the base. The 
carpels form a superior, usually pod-like, ovary, which is divided 
into two chambers by a false septum (p. 556), stretching between 
the parietal placentas (Fig. 683 (7, />). The fruit opens by the 

separation from below upwards of the main portion of each carpel, 
leaving the seeds attached by their stalks to the central portion 
formed by the placentas together with the false septum, liarely 
the fruit is indehiscent {e.g, Isatis), Embryo curved. Endosperm 
wanting or reduced to a single layer of cells coherent with* the seed- 
coat (Figs. 684, 685). 

The number of species and their abundance make the Cruciferae one of our 
most imp<»tant native families of flowering plants. Their brightly coloured, 




664 


BOTANY 


PART II 


mostly yellow, flowers render them conspicuous in various situations and at all 
periods of the year. Tlie nectaries, which are borne on the receptacle at the base 



Fig. i»S3. — Cruciferous fruits. A, Cheiranthits cheiri ; B, Lepidivm miivvm ; C, Capsella bursa 
past, oris: D, Lunaria biennis, showing the septum after the CRr]»e]s Imve fallen away. 
E, Cramhe miritimi. (After Baim.on.) 


of the stamens, also show that the flowers are entomophilous. The family includes 
a number of economic plants and others cultivated for their flowers. 

Cheiranthus Cheiri, the Wallflower (Fig. 683 A), Matthiola, the Stock. 



Fio. 684. — Transvertse section of the seed 
of Brassica nigra, rad, radicle ; cot, 
cotyledons; proc, vascular bundles. 
(After MonLER.) 


B’lo. 685.— Seeds of Cniciferae cut across 
to show the radicle and cotyledons. 
A, Cheiranthus cheiri (x 8) ; if, SUym- 
trri urn ailiaria ( x 7). (After Baillon.) 


Numerous species of Brassica have been long in cultivation ; B, oUracea, the 
Wild Cabbage, in its various forms — (a) sylvestris, which occurs on the coasts of 
Northern Europe and is to be regarded as the wild form ; (6) acephala, Borecole 
or Kale ; (d) ganglyodes, Tumip-rooted Cabbage ; {d) gemmifcra, Brussels Sprouts ; 
(«) saha^Ada, Savoys ; (/) capitata, the Cabbage ; {g) hoiryiis, Cauliflower and 
Broccoli. Brassica campestris, with the cultivated forms — {a) annua, (b) oleifera, 
(c) rapifera, Brassica napus, the Turnip — (a) annua, (b) oleifera, (c) napobrassica^ 
Brassica nigra, Black Mustard (Fig. 686), an annual ^ilant, was cultivated even 
in ancient times. The radical leaves are long-stalked and lyrate with rounded 
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terniinallobes ; on ascending the copiously-branched stem they become lanceolate 
and gradually smaller. The plant is glabrous except for some bristly hairs on the 
upper surface of the leaf. Inflorescence a raceme ; the bright yellow flowers stand 
out from the main axis, while the 
developing fruits are erect and 
applied to the axis. Sinapis alba. 

White Mustard, is a hairy plant, 
distinguishable from the Black 
Mustard by the long broadly-beakcd 
fruits, the valves of which bear 
coarse bristly hairs. The fruits 
project from the axis of the inflor- 
escence. The seeds are yellowish- 
white and twice as large as those of 
Brassicci nUjra. Anastatica hiero- 
chunticd, Rose of Jericho, is an 
annual desert plant of North Africa 
characterised by the hygroscopic 
movements of its branches (cf. p. 

335). Cfiwihe (Fig. 685 A’), with the 
lower ])ortion of the siliqua sterile, 
and Oakile are thick-leaved strand - 
plants. Ra2>hanus sativuft^ the Radish. 

Vcsicaria, Aubrictiaf l)rabai Lun- 
aria (Fig. 683 D), Cochlearia offici- 
7iaHSf Scurvy Grass. Erophila^ Iberis 
with somewhat zygomorphic flowers. 

Capsella bursa jiastoriSf Shepherd’s 
purse (Fig, 683 C), Isatis tiiwicfria^ 

Woad. 

Official. — Oleum sinapis 
VOLATILE, from Brassica mgr a. 

Aemohaciab HAiHX, from GochUaria 
Armor acia. 

Family 4. Gapparidaoeae.— 

pans spiaosa is a small shrub 
occurring on rocky ground in the 
Mediterranean region. The leaves 
are simple with short, recurved, 
spiny stipules. The actinomorphic 
flowers are axillary and solitary; 
the androecium by chorisis consists 
of numerous members. In this 686.-- Brassim nigra, (j nat, size.) 

respect and in the presence of a 

gynophore which raises the pistil above the rest of the .flower (Fig. 687), there 
are differences from the Cruciferae. The fruit is a berry wnit’^ reaches the size of 
a plum and contains numerous seeds. Capers are prepared from the young flower- 
buds. 

Ordar la. PariataJes 

The plants belonging to this order are characterised by their usually regular, 
pentamerous flowers ; the stamens are increased in number by ehorisisi or, when 
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the separation of the branches is incomplete, they form distinct bundles ; the 
superior ovary is usually trinierous. The relationship to the Rhoeadales is 
rendered probable by serodiagnostic investigations. 
a, Placentation parietal. 

Family 1. Cistaoeae. — rentainerous, regular flowers, with numerous stamens 
and three to five carpels united to form a unilocular or multilocular ovary with 
parietal placentas. In Britain the Rock Rose {Hclianthcmum vulgafre) (Fig. 688). 



Fir;. 687.— 'Coppctria spinosa. Flowering branch and a young fruit borne on the gynophore. 

nat. size.) 

Many species of Cistus are characteristic shrubs of the vegetation of the Mediter- 
ranean region. 

Family 2. Droseracoao.-— Includes the Sundew {Droaera) and similar plants ; 
these capture insects by means of their tentacles with viscid heads, and digest 
them. 

Family 3. Violaoeae. — Distinguished by dorsiventral flowers with only five 
stamens. Ovary unilocular. The flowers have the anterior petal prolonged back- 
wards as a spur, into which two nectar-secreting processes of the two anterior 
stamens project {Fig. 689). 

5, Placentation aisile (usually separated as Outtiferales). 

Family 4. Temstroemiaceae have a gradual tran^tion from sepals to petals, 
that found in the Magnoliaceae, numerous stamens, and a trilocular ovary 
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with axile placentatioii. The Tea-plaut (Fig. 690) and the Camellia belong to 
this family. 

Family 6. Outtlferae. —Distinguished by the schizogeiious glands and the 
union in bundles of the .stamens, llypcneum is a British representative. The red 
contents of the secretory organs of Garcinia Hanhuryi when drifjd form Gamboge. 

Family 6. Dipterocarpaceae. — Characterised by the great enlargement of some 


m 



Fkj, 088. — Floral diagram of 
lldiantkemum vulgare (Cis- 
taceae). (Eichlkr.) 



Fig. 689.— Floral diagram 
of Viola. (After Noi.l.) 



Pio. G90.—Thea chinensis. Flowering shoot 
(§ nat. size) ; fruit and seed. 


or all the sepals after fertilisation. Dryohalanwps Oamphora yields Borneo Camphor. 
Dammar is obtained from Shoi'ea Wiesiieri, 


Order 13. Rosales 

The cyclic flowers are in other respects similar to those of the 
Polycarpicae ; the connection of the Rosaceae with the Calycanthaceae 
and Ranunculaceae is particularly close. The single carpel in the 
Pruneae and the dorsiventral flowers of the Chrys^ balaneae lead on 
to the Leguminosao. 

The order includes plants of very diverse form and construction 
with alternate leaves. The flowers are almost always actinomorphic 
with the members arranged in whorls; they have five, ten, or 
numerous stamens and carpels, the pistil is as a rule apocarpous. The 

2V 
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large part played by the floral axis in the construction of the flower 
and fruit is characteristic. K5, C5, A5-x) , Gl-oo . 

The connection of the Rosales on the one hand witli the Polycarpicae and on 
the other with the Leguminosae and Myrtales has been confirmed serologically. 

Family 1. Crassulaoeae. — Succulent herbs or under - shrubs with cymose 
inflorescences. Seduni (Fig. 691) with pentanierous flowers ; there are a number 
of British species. Sempcrvivum (^), flowers with from six to an indefinite 
number of members in the whorls. Jiinjophylhim with tetramerous flowers, note- 
worthy on account of the abundant formation of buds in the indentations of the 
margin of the leaf. Crassula ; South African 8}»ecies mimic stones by their globular 
form (■^) (cf. Aizoaceae, p. 628). 

Family 2. Saxifragaceae. — Herbs or woody ])lants with hermaphrodite, 
obdiplostemonous flowers. Fruit, a capsule or a berry formed of two carpels and 
containing an indefinite number of albuminous seeds. Saxifrapa, Saxifrage, small 
herbaceous plants which arc especially numerous on crags and rocky ground in 




Fi«. ()IH . — Sedum tdephiiim, a, Flow«'r; h, flower in longiludiiml section. 

(x 4. After H. Hchknck.) 

mountainous districts. They have a rosette of radical leaves and bear numerous 
pentamerous flowers grouped in various types of inflorescence. The two partially 
inferior carpels are distinct from one another above. Parnaxsia palustris is common 
on wet moors ; the pentamerous flower has four carj)el8. One whorl of stamens 
modified into palmately -divided starninodes, which serve as nectaries. The species 
of Ribes have an inferior ovary w'hich develops into a berry, and on this account 
are commonly cultivated. R. rubruvi (Fig. 692), Red Currant, R. nigrum, Black 
Currant, R. grosmlaria, Gooseberry. Other Saxifragaceae are favourite ornamental 
plants, e.g. Ribes aureum and R, saiiguineum. Hydrangea, Philadeiphus, and 
Deuizia, 

Family 3. Rosaceae (^®). — Characteristic features of this family 
are the constant presence of stipules, the absence of endosperm from 
most of the seeds, the apocarpous fruits, and, as a rule, the numerous 
stamens (Fig. 693). The two latter features are also found in the 
Polycarpicae an<i support a close relationship, but the floral members 
are there spirally arranged while in the Rosaceae they are in whorls, 
and the flowers are perigynous. 

Izi many oa$6s tho increase in number of members of the androecium and 
gynaeoenm j^oceeds from an inter<?alary zone of the hollowed floral axis, and 
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continues for a considerable period. The introduction of new members is deter* 



Fkj —Kibes 'inhrinn. nat. sue.) 


mined by the spatial relations, so that differences in the numbers of members are 
found in individuals of the same species. 


A B 



Fto. 693.—FIoral diagrams of Rosaceae. Ay Sorbus dotneatica, B, Prunva Padua. C, Moaa 
tomntoaa. D, ifatiffuisorba ojtcincdis, K, Spiraea hyperici/olta. (After Biohlsr.) 


The genus Spimea has typically pentamerous flowers with superior ovaries ; 
many species are cultivated as ornamental shrubs (Fig. 693 B), QuUlaja Stxponaria 
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(Fig. 694), from Chili, is an evergreen tree siiortly- stalked, alternate, 

leathery leaves and terminal dichasia. The flower has a five - toothed, nectar- 
secreting disc, projecting above the large sei>als. Five of the stamens stand at 
the ])roJecting angles of the disc opjK>8ite tl)e sepals ; the other five are inserted 
opposite the petals at the inner margin of the disc. Petals narrow, white. 
Ovary superior. Only the middle flower of the dichasium is hermaplnodite and 
fertile, the lateral flowers are male and have a reduced gynaeccuni. Fruit star- 
shaped, composed of partial fruits. Each carpel dehisces by splitting into tuo 
valves. Seeds w inged. 

The genera Pip'us^ Cydonia, etc., are distinguished from the otlier Rosaceae by 
their inferior ovary, uhich usually consists of five carpels bound together by the 



Flo. COj.— //oflrcMirt nhysstmea. 1 , Female 
flow 01 ; e, opicalyx; /, calyx; g, corolla 
Fig. QH.-^QuUlaja Sajwnana. nat. hue. (x 4). S, Fruit (uat. sire), with enlarged 

After A. Meveh and Schumann.) epicalyx. (After Berg and Schmidt.) 

hollow floral receptacle so that only the styles are free. The fruit resembles a 
berry, the floral receptacle becoming succulent. The boundaries of the separate 
loculi are formed of parchment- like or stony tissue. Pyrus mains, Apple (Fig. 
646, 3), and 1\ communis, the Pear, are important and long-cultivated fruit trees, 
of whicli numerous varieties are grown. Cydonia vulgaris, the Quince, has large, 
solitary, rose-coloured flowers. The fruits are in shape like an apple or pear, 
covered with fine woolly hairs and with a pleasant scent, though not edible 
when uncooked. In Mespilus yermanica, the Medlar, the fruit has an apical 
depression surrounded by the remains of the calyx. The evergreen Eriohotrya 
japoniea, is commonly planted in the Mediterranean region; Sorhus (Pynis) 
auctiparia, the Rowan. Qrataegm oxycantka, the Hawthorn, in hedges or 
planted as an ornamental tree (of. p. 801). 

A concave, pitcher -shaped floral axis with one to baany free carpels, each of 
which encloses 1-2 ovules, characterises the genus Mosa. The partial fruits are 
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nut-like, and are enclosed by the hollowed floral axis (Fig. 693 G). The leafy 
development of the numerous stamens has given rise to the cultivated double 
forms. AtjTimonia and Hagenia ahyssinica have a dry cup -shaped receptacle. 
Hagenia is a dioecious tree from Abyssinia with unequally pinnate leaves, the 
adherent stipules of which render the petiole winged and channelled. Inflorescence 



Fig. iS96.--’Hagenia ahyssinica (Brayera anthslmintica). Inflorescence nat. size). (After Bbro 

and Schmidt.) 

a copiously branched panicle. Each flower has two bracteoles and an epicalyx. 
The flowers are unisexual by suppression of the male airid female organs respectively. 
The corolla later falls off and the sepals become inrolled, while the epicalyx enlarges. 
The two free carpels have each a single ovule. Fruit one-seeded (Figs. 695, 696). 
Alehemilla has no petals (Fig. 546, 2). Sanguisorba offici/mlis has polygamous 
flowers, without epicalyx or corolla, aggregated in heads. Flowers tetramerous 
with 1-2 carpels (Fig. 690 D)* These are greatly reduced fonns. 

with a number of British species has a flattened receptacle, epicalyx, 
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and an apocarpous pistil. Geum and Dryas have hairy carpels which elongate in 
fruit and are distributed by the wind. FragraHa^ Strawberry, with small achenes 
situated on the succulent, enlarged, floral receptacle. Ruhus^ Blackberry, has 
numerous species, mostly scrambling shrubs with recurved i)rickles. Leaves 
trifoliate. It. idaeus, the Raspberry, is one of the few species which are not 



Fig. 6i)7. —Prunus cerasuH (3 uat. size). J, FloweriDg shoot ; J?, flower cut in two 
(slightly enlarged) ; 3, fruits ; 4, fruit cut through longitudinally. 

straggling climbers. The small drupes are closely crowded on the convex receptacle, 
forming the collective fruit. 

The group of the Pruneae, which includes a number of important trees bearing 
stone-fruits, has a single carpel situated in the middle of the flat expanded floral 
receptacle (Fig. 693 B), Frunus cerasus, the Wild Cheiry (Fig. 697) ; P. cmvm^ 
Gean ; P. domesticaf the Plum ; P, ar7nemaca, the Apricot, and P. persica^ the 
Peach, are of Chinese origin ; P. Amygdalus^ the Almond, from the eastern Mediter- 
ranean region. The succulent mesocarp of the Almond, dries up as the fruit ripens 
and ruptnreS) setting the stony endocarp free. 

PoisoNOtrs.-— The seeds of many Rosacea© contain amygdalin, but usually not 
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in auch amount as to be poisonous, owing to the resulting hydrocyanic acid, when 
eaten fresh in small quantity ; this is, however, often the case with the residuum 
left after the seeds, e.g. of bitter almonds, have been crushed. The leaves of the 
Cherry Laurel (Prunus Lauroccrasiis) may also give rise to toxic effects. 

Official. — Rosae oallicae fktala from cultivated plants of galUca \ 
OLEUM iiosAE and AQUA iiosAK from Rosa dama- 
sccna. Amyodala dulcis and amygdala am aka 
from Prtenus amygdalus. PiiuNi Virginian AE 
CORTEX from Primus serotina. Laurocerasi 
FOLIA from Prunus Luurocerasns, Cusso from 
Brayera anthe.lmintim, Quillaiae cortex from 
Qui I laj a Saponaria . 

Order 14. Leguminosae 

Tlie common characteristic of all 
Leguminosae is afforded by the pistil. 

This is always formed of a single carpel, the ventral suture of 
which is directed to the dorsal side of the flower (Figs. 698, 701, 
706). It is unilocular, and bears the ovules in one or two rows on the 
ventral suture. The fruit is usually a pod (legume), which dehisces 


A B 

• • 



Fio. Floral diagrams of Mirno* 

sacpat*. A , M hnom pudmi . B , A cania 
lophantha . (After Eichlkk.) 



Fig, 699,--ArMCM nicoyamis. From Co.sta Rica, /, Leaf and part of stem ; .S, hollow thorns in 
which the ants live ; L, entrance ; F, food-lKKlies at the apices of the lower pinnules ; 
nectary on the petiole. (Reduced.) JI, Single pinnule with food-body, F. (After F, Noll. 
Somewhat enlarged.) 

by splitting along both the ventral and dprsal sutures. Nearly all 
Leguminosae have alternate, compound, stipulate leaves. Many are 
provided with pulvini (Pig. 698) which effect variation movements of 
the leaves and leaflets. 

Family 1. IKiniosaoeae. — Trees, and erect, or climbing, shrubby plants with 
bipinnate leaves. Flowers actinomorphic, pentamerous, or tetramerous (Fig. 60$)^ 
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Aestivation of sepals and petals ^aUate. Stamens free, numerous, or equal itt 
number to the petals, or half their number. The colour of the ilouer is due to the 



Fto. 7()0.->Aeacia caiechu. (| uat. sise. After Msyer and Scbumakn.) 

length and number of the stamens, the corolla being as a rule inconspicuous. The 
pollen ^gtrains are often united in tetrads or in larger numbers. The flowers are 
grouped in spikes or heads. Embryo straight in the seed. 

Thei^e are no represd^tives native to Europe of this family, which is 
abuxidant iu the tropica. The Sensitive Flant (Mimosa pudiea) (Figs. ^2, 223} 
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occurs as a weed throughout the tropics and exhibits great irritability to contact. 
Numerous species of the genus Acacia are distributed through the tropics 
and sub-tropics of the Old and New Worlds. The Australian forms of the 
genus are frequently characterised by possessing j^hyllodes (p. 161), the vertical 
position of which contributes to the peculiar habit of the Australian forests (cf. 
(Fig. 185). Some American species of Acacia are inhabited by ants (Fig. 699) 



Pia. 703. — Tamarindus indica. (| nat. size. After A. Meyer and Schumank.) 


which live in the large stipular thorns and obtain food from Belt’s food-bodies (^^) 
at the tips of the pinnules. A mutual symbiosis has not been demonstrated in 
this cose. Many species of Acacia are of considerable economic value owing to the 
presence of gums and tannins in the cortex, in the heart- wood, or in the pods. 
A, catechu (Fig. 700) and A, suma are East Indian trees from which Catechu is 
obtained. 

Official. -^By the disorganisation of the parenchyma of the stem of Acacia 
8e/mgal (Soudan and Senegambia) and of other species, Acaciae oummi is obtained. 
Thi^ exudes from wounds as a thick fluid and hardens in the air. A, Ara^m 
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(Fig. 700). and A. decurrens yield acacia e cortex. Acacia Catechu yields 

CATECHU NIC HUM. 

Family 2. Caesalpiniaceae. — Trees or sbriibs with pinnate oi bipiimate leaves. 
Flowers usually somewhat dorsi ventral. Corolla with ascending imbricate acstiva- 



Fif.. 705 . — KruMiini Imtiuho. (# lul. 
si/e. Aftii A. All NTH and Ndir^- 

MANN.) 


Fkj. 704. — Tamarimlus in- 
dica. Fruit in longitu- 
dinal section, if, the fleshy 
inesocarj). (After Hero 
and Hi’hmidi.) 



tion (Fig. 701). Typical floral formula: K 6, C 5, A 6-f 6, G J_. The number of 
petals and stamens is often incomplete. Embryo straight Abundantly lepresented 
in the tropics and sub-tropics. 

In Cassia angustifolia the sepals and petals are both Ih e in nui)iber and free 
(Fig. 702). The lower overlapping petals are somewhat larger than the upper ones. 
Of the ten stamens the three upper ones are short and sterile, while the other 
seven, the filaments of which are curved and convex below, diminish in length 
from above downwards. The anthers open by means of terminal pores. The pod 
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is compressed and broad and flat. The flowers are borne in racemes in the axils 
of the leaves of the shrub, which is about a metre high. The bright green, 
equally pinnate leaves have small stipules at the base. Tamarindus indiea 
(Fig. 703) is a handsome tree, native to tropical Africa, but now planted throughout 
the tropics. Its broadly-spreading crown of light foliage makes it a favourite 
shade-tree. The racemes of flowers are terminal on lateral twigs bearing equally 
pinnate leaves. The individual 
flowers are markedly zygomor- 
phic. The fruit is peculiar. The 
pericarp is differentiated into an 
outer brittle exocarp, a succulent 
mesocarp, and a firm endocarp 
consisting of stone-cells investing 
the more or less numerous seeds 



Fig. *IQ7 .—Lotus comiculatus nat, 
size). Flowering shoot ; flower, keel, 
stamens, carpel (nat. size). Fruit 
nat. size). 



Fig, 7QS.—Myroxyhn Pereiras, (Ij nat. size. After Bkrg 
and Schmidt.) 


individually (Fig. 704). The almost imperceptibly dorsi ventral flowers of 
OopQXfefa have no corolla ; the four sepals are succeeded by 8-10 free stamens. 
The fruit Ls one-seeded but opens when ripe. The seed is invested on one 
side by a succulent, irregularly-limited arillus. None of the Caesalpiniaceae 
are British. Ceralonia siliqtm and the oauliflorous (cf. p. 732) Cercis sUiquastruin 
from the Mediterranean region (Fig. 701 A) and Gleditschia trictcanthos (N. Am.) 
(Fig. 103), are sometiined cultivated as ornamental plants. 

OFFiciAh.--^RKNAS FOLIA and SENKAS FRUCTUS from Cossia ang%t8^foU(i (Trop. 
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East Africa and Arabia, cultivated at Tinnevelly in Southern India) and from 
(7. acutifolia \ Cassia Fistula (Trop, Am.) yields cassias fuuctus; covaiba is 
obtained from Gopaifera Laiigsdorfii and other species ; tamaiundus from the 
succulent mesocarp of Tamarindus indiea ; haematoxyli lignum, the heart-wood 
of Hae.matoxylon campechianum {Tvop, Am.); kramekiak rauix from Krameria 
triandra^ a shrub growing in the Cordilleras. Flowers atypical ; the sepals 
brightly coloured within ; the corolla small. Three stamens opening by pores at 
the summit. Fruit spherical, prickly. Leaves simple, silvery white (Fig. 706). 
Sappan from Caesalpina sappan. 


Family 3. Papilionaceae. — Herbs, shrubs, or trees with, as a 
rule, imparipinnate leaves. Flowers always markedly zygomorphic. 
Calyx of five sepals. Corolla of five petals, 
papilionaceous, with descending imbricate 
aestivation (Fig. 706). KStamens ten; fila- 
ments either all coherent into a tube 
surrounding the pistil {Lupinun) or the 




Fxo. 709,—Myroxyl(m Pereirae. Seo Text. (Enlarged. After Fio. 710.— Fruit of Afyroxylon 
Berg and Schmidt.) Pereirae. (| nat. size.) 


posterior stamen is free {Lotus\ or all are free {Myroxylon^ Fig. 709). 
Seeds with a curved embryo. 

Abundantly represented in the temperate zones ; fewer in the tropics. 

The component parts of a papilionaceous flower are seen separately in Fig. 707. 
The posterior petal, which overlaps the others in the bud (Fig. 706), is termed the 
standard (vexillum). The two adjoining lateral petals are the wings (alae), and the 
two lowest petals, usually coherent by their lower margins, together form the keel 
(carina). The upper ends of the stamens are usually free and curve upwards, as 
does also the style bearing the stigma. 

The genus Myroxylon is of importance on account of the balsam obtained from 
species belonging to it. Myroxylon Pereirae is a tree of moderate height with 
alternate, imparipinnate leaves (Fig. 708). The flowers are borne in terminal 
racemes and have a large vexillum, the other petals remaining narrow and incon- 
spicuous. The stamens are only coherent at the base, and bear*cons]>icuou&, 
reddish-yellow anthers (Fig. 709). The fruit is very peculiar. The ovary has a 
long stalk and bears two ovules near the tip. One of these develops into the seed 
of the indehisoent, compressed pod, which has a broad wing along the ventral 
suture and a narrower wing along the dorsal suture (Fig. 710). The bell- 
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shaped calyx persists on the stalk. Genista^ Sarothamnus, Lupinus^ Cytisus 
have all ten stamens united (Fig. 706 £) ; their leaves are pinnate or simple, with 
entire margins. The Laburnum [Laburnum vuhjarCy Fig. 268) is one of the 
commonest ornamental trees of our gardens and grows wild in the Alps. It has 
tripin nate leaves and long pendulous racerae.s of yellow flowers. Vlex^ Furze, a 
characteristic British plant. Spartium, distributed in the Mediterranean region. 

Trifolium^ Clover, with i)er- 
sistent calyx and corolla 
Leaves trifoliate. Flowers ag- 
gregated in heads. Stamens 
(9) + 1. Fruits indehiscent, 
Mcdicago^ Medick, with deci 
duous corolla ; fruit sickle 
shaped or si)irally twisted 
Melilotus^ Melilot, with race 
mose inflorescences. Trigonella 
with long pods. Ononis^ Rest 
Harrow, with ten coherent 
stamens. The increase in the 
amount of nitrogen in the soil 
effected by the root-tubercles 
(cf. Fig. 248) of Leguminosae 
finds its practical application 
in European agriculture in the 
cultivation of species of 'Lri- 
folium^ Medicago^ and Ltqnnus, 
LoluSf Bird’s-foot Trefoil (Fig. 
707) ; leaves irn pari pinnate, 
lowest pair of leaflets owing 
to the absence of tl»e j»etiole 
resembling stipules. AntkylliSy 
Kidney- Vetch. In species of 
Astragalus^ which are low 
shrubs of the eastern Medi- 
terranean region and of western 
Asia, the rachis of the leaf 
persists as a sharply pointed 
thorn for years after the leaflets 
have fallen. These spines serve 
to protect the young shoots, 
leaves, and flowers (Fig. 711). 
Our native species are herba- 
ceous. liohinia (Fig. 176) is 



Pi(i. lll.—Astragalm giimmifer. uat. size. After 
A. Mkyek and Hohumann.) 


an American tree of rapid growth with very brittle wood, which is often 
planted and known as False Acacia. Olycyrrhiza^ Liquorice, is a native of 
South Europe. Wistaria sinensM is a climber with beautiful blue flowers, 
often grown against the walls of houses. Distinguished by the jointed 
pods in which the seeds are isolated by transverse septa are Coronilla, 
OrnUhopus sativuSf Bird’s -Foot, and Arachia hypogaea^ Ground-nut, an im- 
porUnt, oil-yielding fruit of the tropics and sub - tropics. After flowering the 
flower -stalks penetrate the soil in which the fruits ripen. VidUy Vetch; 
PisuMt Pea (Fig. 201) ; Asws, Lentil ; LathyruSf Everlasting Pea (Fig. 202). 
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Leaves with terminal tendrils, corresponding to the terminal leaflet ; the leaves 
may thus appear to be paripinnate. The cotyledons remain within the seed-coat 
and do not become green. Fida Faba^ the Broad Bean, is an erect plant, without 
tendrils ; the terminal leaflet is reduced to a bristle-shaped stump. Phaseolus^ 
Kidney Bean, and Physostigma are twining plants with tripinnate leaves, Physo- 
stiff uia venosu7ii, a West African climber, yields Calabar Bean. 

Poisonous. — Among our common Legnminosae only Laburnum mdgare&nd the 
related genus Cytisus are extremely poisonous. (Joronilla varia^ with umbels of rose- 
coloured flowers, and IFistaria sinensis arc also poisonous. 

OFFioiAii. “ Astragalus gummifer and other species yield tuaga(jantha. Gly- 
("YiiiiHiZAK JiADix is obtained from Glycyrrhiza glabra. Spartiuni scoparium 
{Cytisus scopaHns) yields soopakii CACifMiNA. Andira Araroba, a Brazilian tree, 
contains a powdery excretion in cavities of the stem called aiiaiioba ; chrvsa- 
UOBINUM is obtained from this. The heart-wood of Ptrrocarpus santalinusj an East 
Indian tree, is pTiiiKocAiiri lignum. Kino is obtained from the juice flowing from 
incisions in the trunk oi Pterocarpus Marsupiuni. Myroxylon toluifera (South America) 
yields balsamum tolutanum, and M. Pereirae (San Salvador) balsamum peuu- 
viANUM. Araehis hypogaea yields olkum arac’HIs. Butca frondosa yields buteak 
SEMINA. Physostigma rcuniosum yields physostigmink. 


Order 15. Myrtales 

This order differs from the Rosiflorae by the inferior ovary, the 
prevalence of tetramcry, and the absence of stipules. ♦ 

Family 1, Thymelaeaceae. — Ovule pendulous. Daphne Mezercum (Fig. 712) 
is a poisonoUvS slirub, possibly native to Britain, which flowers in February and 
March before the leaves appear. The flowers are rose-coloured, scented, tetrarnerous, 
and have no corolla. The leaves fortn a close tuft until the axis elongates. The 
fruit is a bright red berry. In the Alps and in the Mediterranean region there 
are several species of DaphnCf all of which are poisonous. 

Family 2. Elaeagnaceae. — Ovule erect. llippophM. Flaeagnus. The leaves 
and young twigs are covered with shining peltate hairs. Shepherdia ( Fig. .52) is 
similar. 

Family 3. Lythraoeae. — Lyihrum salicaria. Purple Loosestrife. Flowers 
typically hexamerous with two to six carpels. Heterostyled with throe forms of 
flower (cf. p. 571). 

Family 4. Onag^raceae. — Flower tetrarnerous throughout. Androecium obdiplo- 
stemonous. Fpilohiumj Willow-herb, with numerous species ; the fruit is a 
capsule, and the seeds have hairs serving for wind-dispersal. Oenothera (Fig. 713). 
The power of mutating possessed by plants of this genus was recognised by DK 
Vries (*’”*) and forms the experimental basis of his hypothesis of mutation. 
Circaea^ Enchanter’s Nightshade. Trapa^ Water Nut. Many forms are in culti- 
vation, for instance the species of Fuchsia^ in which the calyx is petaloid. These 
plants are natives of America. Fruit, a berry. 

Family 6. Bhisophoraoeae (®®®). — Plants occurring in the Mangrove formation 
along tropical coasts, characterised by vivipary and the possession of stilt-roots, 
or respiratory roots (Fig. 182). These adaptations are related to the peculiarities 
of the situations in which the trees grow. Rhizophora (Fig. 715) ; Rruguiera ; 
Ceriops, Kdndelia, All occur on the coasts of the Indian Ocean. Bpecies of 
Rhizophora are more widely distributed on tropical coasts. 
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Family 6. Myrtaceae. — Evergreen shrubs or trees ; leaves opposite, 
leathery, often aromatic. Flowers actinomorphic, tetraraerous or 
pentamerous. Androecium of many stamens, which are often arranged 
in bundles which have originated by branching. Carpels two or 
many (Fig. 714) united with the floral axis to form the inferior ovary. 



Fruit, usually a berry or a 
capsule. 

Mainly distributed in tropical 
America and in Australia. 

The Myrtle [Myrtus com- 
munis) ^ which occurs in the 
Mediterranean region, is the 
only Euro})ean species. Species 
of Eucalyptus from Australia, 
especially E, glohuhiSy are 



Fig. 713. —Floral diaj^ram of Oenothera 
(Onajjraceae). After Noll. 

A B 





Fia. 714.— Floral diagrams of Myrt- 
Fio. 712.— Daphne Mezereiim (i nat. size). aceae. A, Myrtus cmmnnis, B, 

PorsoNous. Engeyiiaaromatica. (After Biohleb.) 


commonly planted in warm climates, on account of their rapid growth and 
useful timber. Young plants have opjiosite, sessile leaves, but older trees 
bear stalked, sickle-8ha|:)ed leaves which hang vertically. E. amygdalina^ which 
reaches a height of 150 m. and a circumference of 30 m. at the base of the trunk, 
is one of the largest forest trees known. Psidium guayava and some species of 
Jamhosa bear edible fruits ; the former is especially valued. Jamhosa caryaphyllus 
(Moluccas) is of economic importance, its unopened flower-buds forming Cloves 
(Fig. 716). This tree is commonly cultivated in the tropics. In Fig. 718 the 
inferior ovary, formed of two carpels, is also seen in longitudinal section. 
Species of Sonneratict are frequently the constituents of the mangrove vegetation 
that advance farthest into the sea; their pueumatophores therefore attain a 
considerable height (Fig. 181). 
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Official. — Eugenia Caryophyllata yields oakyophyllum, Cloves. Oleum 
CAJUPUTI from Melaleuca Leutadendron^ a tree of less height but resembling the 
Eucalyptus trees ; it is cultivated in the Moluccas (Burn) for the sake of the oil 
it yields ; its specific name refers to the white colour of the bark. Oleum 
EUCALYPTI and kino eucalypti from Eucalyptus glolmlus and other species. 



Fia. *llh.—Rhizophora conjugata (J imt. size). 


Family 7. Pnuicaceae. — Single genus Punica. Punica granatum is a tree 
originally introduced from the East and now largely cultivated in the Mediterranean 
region on account of its acid refreshing fruits known as Pomegranates (Fig. 717). 
Leaves small, entire. Flower with a stiff, red calyx, an indefinite number of 
petals, and numerous stamens ; the 7>14 carpels are arranged in two tiers, the 
upper of which corresponds in number to the sepals, the lower to the half of this 
(Figs. 717, 2, 716). Fruit enclosed by a leathery pericarp with numerous seeds 
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in the loculi of both tiers. The external layers of the sced-coat become succulent 
and form the edible portion of tlic fruit. 

Order 16. Euphorbiales (Tricoccae) 

This order is ])lacod here, after the preceding description of the orders whicli 
can be directly connected with the Polycarjneae, since tlie Kuphorbialea can be 



Fio. lU—Biigtnia earyophyllata (J n»t. siz«). Flowerinu branch. A hud cut in half and an opened 
flower (about nat. size). 

regarded as a similar though less far-reaching initial group. Whether or in what 
degree the Euphorbiales are connected with the Polycarpioae is a difficult question. 
It appears rather as if such special features as those of the oyathium (Fig. 721) 
might be traced back to Gymnosperm inflorescences. When the stamens, which 
each correspond to a male flower, have an articulation between the filament and 
the stalk, or in some cases {AntIwsUtm, etc.) exhibit a well-formed perianth in 
this position, the distinction from the condition in Onetum or Ephedra is not so 
great. It is true that it is not possible to trace similar analogies in the case of 
the female dowers. 

On the other hand, there is no doubt as to the cyathium being an infloresoenee. 
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and in this respect also there would seem to be an approach to Gymnosperm 
ancestors. It is further to l>e considered that hermaphrodite flowers are also 
wanting in the forms which do not possess cyathia, and that the distribution of 
the flowers may be either monoecious or dioecious. 

In the other direction the Euphorbiaceae exhibit affinities, especially to the 
Malvaceae, Geraniaceae, Linaceae, Polygalaceae, and Aceraceae ; they agree in the 
structure of tho ovary, the loculi of which, as in the Euphorbiaceae, contain only 
one or two ovules. Possibly also some significance may be attached to the possession 
of stipules. Thus it would appear, and this is confirmed serologically, that the 
Columni ferae and Gruinales are to be regarded as the most nearly related orders. 



S 1 

Pio. 1X1 .—Panica granatum (J nat. aizeX I, Branch bearing a flower and a bud. 
Flower in longitudinal section. 5, Fruit. (See text.) 


Family Euphorbiaceae. — The plants belonging to the Euphor- 
biaceae are of very diverse habit. The order includes herbs, shrubs, 
leafless succulent plants, trees with normal foliage, and others with 
scale-leaves and assimilating phylloclades. The plants agree, however, 
in possessing unisexual, actinomorphic flowers, with a simple perianth 
or with no trace of the latter. Androecium diplostemonous, or stamens 
numerous. The female flowers are especially characterised by the 
superior, trilocular ovary formed of three carpels ; in each loculus 
are one or two pendulous ovules with a ventral raphe, and the micro* 
pyle directed upwards and outwards, 
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The micropyle is covered by a placental outgrowth called the obtukator 
(Fig. 719) ; this assists in conducting and nourishing the pollen»tube, and dis- 
appears after fertilisation (cf. p. 587). The caruncula, which is formed from 
the outer integument (Fig. 721 i>), persists on the other liand in the seed ; 
tlie separation of the latter from the placenta is assisted by it. The fruit is a 
capsule, the outer walls of which contract elastically away from a central column, 
and thus open the loculi. 

The plants of this family are distributed over the whole earth. Important 
Genera. — Many Euphorbiaceae are dioecious or monoecious, and have flowers of 
relatively simple construction. Thus Mercurialis (Fig. 720), two species of which 
occur in Britain, is characterised by its bicarpellary ovary. Croton is a tropical 



Fio. 718.— Floral diagram of 
PvtHca gnmtiinm. (After 
Eichler.) 



Fio. Ovule of Eupfiorhia 
dioica showing the obtur- 
ator 0 . (After Pax in 
Ekoler-Prantl.) 



Fro. 720.— Mercdrialis annua (J nat size). Male plant in 
dower and .single male flowor. Portion of a female plant 
single female flower and fruit. Poisonous. 


genus including valuable official plants, G. Eleuteria and G. Tiglium ; the male 
flowers have a double, the female flowers a single perianth. In the Spurges 
{Euphorbia)^ of which there are several British species, a number of the extremely 
simply constructed flowers are grouped in a complicated inflorescence termed a 
OYATHIUM (Figs. 721-23), which, especially when zygomorphic as in Pedilanthus, 
gives the impression of a single flower. The cyathiura consists of a naked, 
terminal, female flower, borne on a long bent stalk surrounded by a number 
of groups of male flowers. Each of the latter is stalked and consists of a single 
stamen, the limit between which and the flower-stalk is distinguishable. In 
some cases the female flower and each male flower are provided with a small 
perianth. The whole oyathium, which is an inflorescence, is always enclosed by 
five involucral bracts ; alternating with these are four nectar-secreting glands, 
the presence of which increases the likeness between the cyathium and a flower. 
The fifth gland is wanting, and the inverted female flower hangs down in the gap 
thus left. Between the groups of male flowers which stand opposite to the bracts 
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(Fig. 721) are branched hairs which are visible when the cyathium is cut through 
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milky juice, which is secreted in non-septatc latex-tubes (sometimes septate, e.g. 

Ihvm). This juice, which in many 
cases is poisonous, exudes wherever the 
plant is wounded. 

An important constituent of the 
latex of si)ecies of IFerea is caoutchouc 
(cf. ^). As Para Rubber, obtained in 
tlie tropics of South America, especially 
in the Amazon Region, this for long 
provided about one-half of the total 
rubber suf>})ly. Now, however, the 
main supply of rubber comes from 
plantations of Hevea^ Ficus, and 
Castilloa, in the tropical colonies of 
otlier regions. In addition, Manihol 
Glaziorii, another South American 
plant of tliis order, which yields Ceara 
Rubber, must be mentioned. A nearly 
related plant, Manihot utilisswm, pro- 
vides in its tuberous roots a very 
important food in the tropics. The 
starch obtained from these roots forms 
mandioc or cassava meal, the finest 
varieties of which, as tapioca or Brazilian 
arrowroot, are of commercial import- 
ance. The shrub, which is a native 
of Brazil, is now cultivated through- 
out the tropics. 

Jiicinus conihiunis is a tall shrub of 
tropical Africa. In our climate it is 
annually killed by the frost. The 
hollow stem bears large ]>almately 
divided leaves. The terminal inflores- 
cences (Fig. 724) are overtopped by 
vegetative lateral branches. The male 
flowers, situated towards the base, 
have a membranous calyx of 4-5 sepals, 
enclosing the branched stamens ; the 
end of each branch bears a theca. The 
female flowers, nearer the summit of the 
inflorescence, have 3-6 sepals and a 
large tripartite ovary. The latter is 
covered with warty prickles, and bears 
three large, bifid, red stigma^. In each 
loculus of the fruit is a mottled seed with a whitish caruncula. 

Official. — Croton Eleuteria (Bahamas) yields OA.scARiLr.A. G. Tiglium (East 
Indies), olbum ckotonnis. oleum ricini, Castor Oil, is obtained from Micimis 
communis. 



Fiu. 724. — JUciiius camnmni/f. Inflorescence (J nat. 
size) ; young fruit cut through longituUinally. 


Order 17. Columnlferae 

The plants of this order possess pentamerous, actinomorphic, 
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hermaphrodite flowers. One of the two whorls of stamens, usually 
the outer one, is suppressed or only represented by staminodes, 
while the other whorl has undergone a greater or less increase in the 
number of its members by chorisis. The branching is frequently 
accompanied by cohesion of the filaments. The carpels also some- 
times exhibit an increase in number as a result of branching. The 
superior ovary is then divided into a corresponding number of loculi. 


Family 1. Malvaceae. — Characterised by the flowers with the corolla contorted 
in the bud. Protandroiis. Stamens united into an epipetalous tube around the 



Fkj. 7-J5 —Flower of Alihw'tt officinalis, cut 
tliroUKli loujiltudiiially ; parts of the 
petals are removed, a, Outer; h, inner 
calyx ; e, petals ; d, androocium ; /, pistil ; 
e, ovule. (After Hero and Scitmidt.) 



Fio. 7‘J6.— Malvaceae, Floral diagram 
{Malm). 


ovary ; tlie free ends of tlie stamens, 
each of which bears a single reiiiform 
theca, project from the niargin of the 
staminal tube. K 5, C 5, Aoo , G (3) 
or Qo . I’ollen - grains with spiny 
exine, so that they readily adhere to 
the hairy bodies of insects (Fig. 538). 



Fio. Til .—Malva sylvestrls. a, Flower; 
h, flower-bud ; c, fruit. (Nat. size.) 


The genus Malva^ wJiich occurs in Britain, includes perennial herbs, with long- 
stalked, palmately-veiried leaves. Flowers solitary or in small cyniose inflorescences, 
in the axils of leaves. Three free segments of the epicalyx. Petals usually rose- 
coloured, deeply notched (Fig. 727). In Althaea the whole plant is clothed with 
stellate hairs, giving it a soft, velvety appearance. Epicalyx of 6-9 segments 
united at the base. The fruit is a schizocarp consisting of numerous carpels 
arranged in a whorl. 

Hihiscus and Gossypium are shrubs or trees with three- to five-lbbed leaves 
with long stalks. Flowers with a large epicalyx of three segments, which com- 
pletely covers the calyx. Fruit of three to five carpels, loculicidal. Seed of 
Ooss'y^num covered with long hairs which aid in its dispersion by the wind. 
When stripped from the seeds and cleaned these hairs form cotton wool. The most 
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important species of Cotton are Q. harhadensc^ G. arboretim, G, herhacemn 
(Fig. 728). 

Official. — Gossypium hcrhaeeum and other species yield GOSsyriUM and 
OOSSYPll RADK'IS (^OHTEX. 

Family 2. Tiliaceae. — Plants with simple, stalked leaves provided with 
deciduous stipules. Calyx polysepalous. Aestivation of calyx and corolla valvate. 




Fio. 728. —Flowering branch and open fruit of Goitsypium (i nat. size.) 

Stamens completely free from one another with introrse anthers ; usually only 
the inner whorl is present and has undergone branching (Fig. 729). Style simple. 

Most of the genera are tropical. The herbaceous species of Corchorus yield 
Jute. In Britain two species of TUiaf Lime, occur. These are stately trees with 
two-ranked petiolate leaves, the stipules of which are soon shed. The leaves, 
which have a seiTate margin, are asymmetrical. The inflorescence (Fig. 731 A) 
is coherent with a bract for half its length ; this serves as a wing in the distribu- 
tion of the fruit. The umbel -like inflorescence of the Lime is composed of 
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dichasia ; Tilia ^latyphyllos lias 3-7, T. parmfolia 11 or more flowers in the 
inflorescence. The hairy ovary lias two ovules in each of its five loculi. The fruit 
only contains one seed (Fig. 731 B), 

Family 3. StercuUaceae.— This family, which is distributed in the tropics, 
resembles the Tiliaceae. Flowers with a gamosepalous calyx ; corolla twisted in 
the bud ; stamens coherent to form a tube. The antisepal ous stamens arc stami- 
nodial ; the antipetalous stamens are often increased in number (Fig. 730). 
Anther extrorse. 


The most important plant is the Cocoa tree (Theohroma Cacao^ Fig. 732). 
It is a native of tropical Central 
and South America, hut has long 
been cultivated. It is a low 
tree with short-stalked, firm, 
brittle, simple leaves of large 
size, oval shape, and dark green 
colour. The young leaves are 
of a bright red colour, and, 



Fia. 729 Tiliaceae. Floral diagram 

(Tilia). (After Bichler.) 



Fio. 730.-— Sterculiaceae. 
Floral diagram (Theo- 
hroma), (After Bichler.) 



Fia. 731 . — Tilia ulmifolia, Inflorescence (a), with 
bract (d), (nat. size). Longitudinal section of 
fruit (magnified); o, pericarp; p, atrophied dissepi- 
ment and ovules ; seed ; r, endosperm ; s, embryo ; 
its radicle. (After Bero and Schmidt.) 


as in many tropical trees, hang limply downwards! The flowers are borne on 
the main stem or the older branches, and arise from dormant axillary buds 
(cauliflory). Each petal is bulged out at the base, narrows considerably above 
this, and ends in an expanded tip. The form of the reddish flowers is thus some- 
what urn-shaped with flve radiating points. The pentalocular ovary has numerous 
ovules in each locuhia. As the fruit develops, the soft tissue of the septa extends 
between the single seeds ; the ripe fruit is thus unilocular and many-seeded. The 
seed-coat is filled by the embryo, which has two large, folded, brittle cotyledons. 
Cola acuminata and C. wm, natives of tropical Africa, yield the Kola nuts which 
are used in medicine. ' 

Official. — Oleum theobromatis is obtained from Theohroma Cacao, 
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Order 18. Gruinales 

The flowers of the majority of the plants ])elonging to this order 
are hermaphrodite, pentamerous, and radially symmetrical, with a 



P[0. 7S2,~~Tkeo}mima Cocao. Sfieiu bearing fruits. S, Flowering branch. 5, Flower. 4, Circle of 
stamens, n, Stamen from anterior side. (5, 4, about nat. size ; o, enlarged ; J, 3, greatly 
reduced.) 

superior, septate ovary. K 5, C 5, A 5 + 5, G (5). When the flowers 
are zygomorphic they frequently exhibit reduction (Polygalaceae). 
Stamens coherent at the base, obdiplostemonous or haplostemonous. 
Nectaries to the outer side of the stamens or as an annular disc 
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within tlie stamens (Rutaceae). Ovules usually pendulous, with the 
micropyle directed upwards and the raphe ventral ; or the micropyle 
is downwardly directed and the raphe dorsal. 


Family 1. Geraniaceae. — The genera Oeranium (Fig. 733) with actinomorphic 
and Pelanjcmi'uin (Fig. 734) with dorsiventral Howers both have stalked, palmately- 
veined leaves. Erodium (•*^"). Two ovules in each loculus. When ripe the five 
beaked carpels separate from a central column, and either open to liberate the 
seeds, or remain closed and by the hygroscopic movements of the awn-like portion 
bury the seed in the soil (Fig. 735 ; cf. Fig. 276, j». 336). 

Family 2. Linaceae. — Linum usitatissimumy Flax (Fig. 737), has long been 


in cultivation. It is an annual, and bears numerous blue fiowers, which last 
only a short time, in racemose cincinni. The fiower has its stamens united 
at the base and five free styles. The stem bears numerous small narrow leaves. 
The bast-fibres after proper prej)aration are woven into linen. The seeds from the 
5 -locular capsule yield oil, and are also official 
on account of their mucilaginous epidermis. 

OFFir-iAL.-— L tni SKMINA, the seeds of 
Linum usiiaiissi mum. 

Family 3. Erythroxylaceae. — Official. — 

Erythnmjlon Coca is a small Peruvian shrub. 



Floral diagrams of Geraniaceae. 

Fio. 733 . — (krairiuin Fio. 734.— Pelargonium 

prate.nse. (After zonale. (After 

Ek'Iilkr.) « Eiciiler.) 



Fio. 73o.—Vnut I’flargnniiim in- 
quiunna. (x 3. After Baillon.) 


with entire, sihiple leaves and axillary groups of small white flowers (Fig. 736). 
Coca IN A is obtained from the leaves of this plant. 

Family 4. Zygophyllaceae. 

Official. — Guiacum sanctum and Guiacum officinale y West Indian trees wdth 
opposite, paripinnate leaves. Tliey yield ouiaci lignum and guiaci RFiSiNA. 

Family 5. Eutaceae.— Important Genera.— gravcolens (Fig. 738), the 
Rue, is a somewhat shrubby plant with pinnately-divided leaves. The terminal 
lioivers of the dichasial inflorescences are pentamerous in robust examples ; all 
the other flowers are tetramerous with a large intrastaminal disc. IHctamnus 
Fraxinella has panicles of conspicuous, dorsiventral flowers ; the carpels are free 
in their upper portions. The important genus Citfus (*‘^) has peculiarly con- 
structed flowers (Figs. 739, 740). The numerous stamens are united in bundles 
and arranged in a single whorl. The number of carpels is also increased. The 
fruit is a berry ; the succulent portion is formed of large cells with abundant cell- 
sap which project into and fill up the loculi of the ovary. The seeds have usually 
several embryos (cf. p. 590). The leaves of many species are simple and provided 
with more or less winged petioles. Other species have trifoliate leaves, and the 
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articulation at the base of the lamina shows that the apparently simple leaves 
correspond to imparipinnate leaves, of which only the terminal leaflet is developed. 
The thorns at the base of the leaf are derived by modification of the first leaves of 
the axillary bud. Citrus is originally an East Asiatic genus ; a number of species 
inhabit the warmer valleys of the Himalayas. All the imi)ortant cultivated forms 
have been obtained from the Chinese. Citrus decnmana, tht3 Shaddock, is tropical ; 
G, medica is the form which was known to the Greeks in the expeditions of 

Alexander as the Median aj)ple. 
It is DOW widely spread and 
has a number of varieties of 
which Citrus {medica) Limonum 
is the Lemon. This tree was 
introduced into the Mediter- 
ranean region in the third or 
fourth century. Citrus {medica) 
Bajoura has thick-skinned fi’uita 
from which citron is obtained. 
Citrus Aurantium occurs in two 
distinct forms, G. {Aurantium) 
vulijaris (Fig. 740) and C. 
{Aurantium) sinensis. Citrus 



Fio. 736.— Erythroxylon Coca. (Jf iiat. size.) 


Fio. 737.— Linum usitatissimum. 
A , Flower. B, Androecium and 
gynaoceum. (J, Capsule after 
dehiscence. {A , nat. size ; B, C 
xS.) 


nohilis, the Mandarin, is also of Chinese origin. Chimaeras, called Bizzaria, have 
been obtained by grafting between CUrus Aurantium and G. Limonum. Pilocarpus 
pennatifolius and P. jahorandi^ tree-like shrubs with largo, imparipinnate leaves, 
natives of Eastern Brazil. 

Official. — Citrus Aurantium, var. Bigaradia, yields aueantii coktex 
siccATtrs, aueantii coetkx reobns, and aqua aueantii floeis. CUrus 
medica^ var. liwmum, gives limonis coetex, oleum limonis, and limonis 
sucous. AegU Marmelos yields belae feuotus. Buchu folia are obtained 
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from Barosrm hetulina. Pilocarpus microp}]/yllm and Pilocarpus s]), yield Pilo- 
carpi nae NITKA8. 

Family 6. Simaxttbaceae. — Contain 
bitter principles. Quassia armra 
(Surinam) (Fig. 741), a small tree with 
beautiful leaves and showy flowers. 

Officfal. —Quassias lignum from 
Picraena excelsa (West Indies). 

Family 7. Buraeraceae. — Woody 
plants with resin passages. Commi- 
phora abyssinica and C, Schimperi are 
trees found in Arabian East Africa. 
Boswcll'ia Garteri and B. Bhau Dajianae 
are small trees from the same region 
which yield olibanum. Caruirium, 
Official. — Mybkha, Myrrh, from 
Commiphora Myrrha and other species. 

Family 8. Polygalaceae. — K5, C3, 
A (8), G (2). The two lateral sepals arc 
petaloid. Three petals, the lowest of 


Fio. 739. —Floral diagram of Citrus 
Fro. 738.-Jea^a (/mi;eoten5, (J nat. size.) vulgaris. (Alter Eichlek.) 

which forms a keel. Stamens 
eight, coherent into a tube 
(Figs. 742-744). Polygala 
chamaebuxus is a small 
shrubby plant occurring in 
the Alps. P. vulgaris and 
P. amara occur in Britain. 

Official. — Polygala 
Senega (North America) yields 

8ENEGAE RADIX. 

Fahiily 9. Sapindaoeae. 

— Tropical. — The crushed 
seeds of Paullinia cupana^ 
a liane of Brazil, yield 
CAFFEINA. 

Family 10. Anacardiaoeae. 

— Mostly tropical. Mangifera 
indica ; Bhus toxicodertdron ; 

PiiStachat 

Family 11. AijuifbUaceaa. 

— Ilex agui/oUum* The 
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Holly, an evergreen shrub or tree of Western Europe (Fig. 746). /. parcbgtiariensis 
yields Paraguay Tea or Mat4. 

Family 12. Aceraceae. — Include Maples and Sycamores with their character- 
istically winged fruits (Fig. 746). 



Fio, j4l. — QiiwhiddDuhtn. (Nat. size. After Bero and Schmidt.) 

FamUy 13. HlppocaatanaeMW.— The Hort,e.ohestuut. AemiluahipjxKattanum. 
Family 14. Celaatraoeae. 

Official. Atropurpurexts yields eitonyri cortex. 


Order 19. Rhamnales 

This order is characterised by the single whorl of antipetalous 
stamens and the intrastaminal disc. 
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Family 1 Rhamnaeeae — The only native genus of this family, 
which IS distributed in the tropics, is Jfhamvm 


Rh Fiangula (Figs 747 if, 748, 719;, tho Beri} beaiing 
Alder, is a shrub with ilteriiate, entire loaves provided 
with smill stijiules The flowers ire solitary or in gioups 
in the axils of fhe leaves, pentameious, with two or three 
carpels The floral receptacle forms a cup shaped disc 
Two (less commonly thiec) caipels, stigma undivided 
Fruit, a drupe with two or three seeds Rk cathartica has 



I i<j 74 —1 loral (iiigiam ol I lyqihi nyrtifl t (After Ei< uifr ) 



Tio 7i3 —I olygUa ^eneqa A, Flower a small b large sepal *> , 
keel e Iateiali)etalh aiwlroeeium i?, Androeu urn , anthers 
(magiiUied) (Aftei Beru and Bchmidi ) 





Fir 745 —Floral diagram of Ilex aqnifdmrti 
(After Bichlpr ) 


I lo 744 — i olygala Senega 
(i nat s'i.ee ) 


usually spiny branches bearing opposite leaves with senate margins Flowers 
tetrameious throughout (Fig 747 A), dioecious by suppression of stamens or 
carpels; female flower with four Bree styles and a four seeded drupe Seeds with 
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a dorsal raphe. Colletia spinosa and C. cruciaia are xeromorpliic, leafless South 
American shrubs. 

Official. — Jihamnus rursMauns yields cascara sagrada or rhamni 

PURSHIANI OORTKX. 



Fio. 746, — Acer pseuiloplatanus (J nat. .size). 1, Brunch with pendulous terminal inflorescence. 
S, Male flower. 3, Female fl(»wer. 4, Fruit. ,% Floral diagram. (S and S enlarged.) (After 
Eichler.) 


Family 2. Vitaceae (Figs. 750, 751). — The genera Fiiis AmpelopsiSf and 
Parthenocmtis in the northern hemisphere and the tropical genua Cissus belong 
here. Fitis vin^fera, the Grape Vine, is a cultivated plant with numerous races 
and varieties. The tendrils correspond to shoots and stand opposite to the 
leaves ; they are at first terminal, but become displaced to one side by the develop- 
ment of the axillary shoot. The inflorescence is a panicle taking the place of a 
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tendril ; intermediate forms between inflorescences and tendrils are of frequent 
occurrence. Calyx only represented by a small rim ; the pentamerous corolla, 
with the petals united by their tips, is thrown off when the flower opens. Raisins 
are obtained from V'itis vinifera. 

Currants are the seedless fruits of 
Vitis vinifera^ var. apyrena. Species 
of Parthenocissus distributed in 
North America and Asia go by the 
name of Wild Vines ; some of them 
have tendrils with adhesive discs 
(Fig. 203). 




Order 20. Umbelliflorae 

Fm. 747. — Floral diagrams of A, IQiamnm cathartica 

Inflorescence as a rule an »» hermaphrrxlit.), and B, Bl,. 

- - , , Frangula. (After Eiohler.) 

umnel. Flowers hermaphro- 
dite, actinomorphic ; a single whorl of stamens and an inferior bilocular 
ovary, the upper surface of which forms the nectary. Carpels 

two. A single pendulous 
ovule in each loculus. 

Family 1. Cornaceae. — 

Coryms mas^ the Cornelian 
Cherry (Fig. 752), expands its 
umbels of tetramerous yellow 
flowers before the leaves appear. 
Each umbel is subtended by 
four bracts. The inflorescences 
for the succeeding year are 
already present in the axils of 
the leaves by the time the fruit 
is ripe. In Britain two species 




Fig. 748 .— Fraiiigula nat. size). Flowering 
branch and portion of a branch bearing fruite. 


Fio. 749 . —RhemnuB Fra n gula. Flower 
cut through longitudinally, a, Re- 
ceptacle ; b, calyx ; c, petal ; d, a 
stamen; e, pistil (magnified). (After 
Bisro and SoBMiDT.) 


of Oornus occur : C. mnguinea^ the Dogwood, and (7. an arctic and alpine 

plant which reaches its southern limit in Germany. 

Family 2. Araliaceae. — In Britain the only representative of the family is the 
Ivy {HtAera Helix) a root-olimber. The elliptical pointed leaf-form appears 
on the nrthotropous shoots of older plants, which in late summer or autumn 

2Y 



Fio. 754.‘~-Fruits of XJmbelhferae in cross-section. Foenicuhm 
Fio. 753.~UinbeUifenie. Floral mpillcueum. ft, Pvmpimlla anisum. S, Conitm maculoiim, 

diagram {Siler), (After Nou«.) U, Conandrum eatii^mn (4 modified after a figure by DrudeX 

daring the winter and become blackish-blue berries ; these eaten by birds and 
in this way the seeds are distributed. 
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Family 3. Umbelliferae — Herbaceous plants, sometimes of 

large size. The stem, which has hollow internodes and enlarged 
nodes, bears alternate leaves ; these completely encircle the stem with 
their sheathing base, which is often of large size. The leaves are only 
rarely simple ; usually they are highly compound. Inflorescence 
terminal, frequently overtopped by the next younger lateral shoot. 
It is an umbel, or more frequently 
a compound umbel, the bracts 
forming the involucre and partial 
involucres, or an involucre may be 
wanting. Flowers white, greenish, 
or yellow; other colours are lare. 

K 5, C 5, A 5, G (2). The sepals 
are usually represented by short 
teeth. The flowers at the circum- 
ference of the compound umbel 
sometimes become zygomorphic by 
the enlargement of the outwardly 
directed petals. Ovary always 
bicarpellary and bilocular; in each 
loculus a single ovule which hangs 
from the median septum with its 
micropyle directed upwards and 
outwards. The upper surface of 
the carpels is occupied by a swollen, 
nectar-socreting disc continuing into 
the longer or shorter styles, which 
terminate in spherical stigmas. 

Fruit, a schizocarp, splitting in the 
plane of the septum into two 
partial fruits or mericarps. In 
many cases the latter remain for 
a time attached to the carpophore, fio 755 . cat a a nat. si/e). in- 
which originates from the central flowsfeuce faring fruits. Smgle flower, 

portion of the septum ; this (enlarged), 
separates from the rest of the 

septum and bears the mericarps hanging from its upper forked end 
(Figs 763-758). 

The main areas of distribution of the Umbelliferae are the 
steppe region of Western Asia, Central North America, Chile, and 
Australia. 

For systematic purposes the fiuits are of great importance. Each half of the 
fruit has five ribs, beneath which the vascular bundles lie. The marginal ribs of 
each partial fruit frequently lie close together at the septum or they may be 
distinct ; they may resemble the three dorsal ribs or differ more or less from them. 
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Between the five primary ribs four secondary ribs are sometimes present. Usually 
furrows (valleculae) occur between the ridges, and beneath each furrow a large oil- 
duct (vitta) is found, extending the whole length of the fruit. On either side of 
the carpopliore a similar oil-duct is present in the septum, so that each mericarp 
has six of these vittae (Fig. 754, 1). In some species additional small ducts are 



B'm. 756.— Cicuto virosa. Bliizoiin) cut through longitudinally nat. size). Fruit (<?nlaiged). 

POfSONOUS. 

present (Fig. 764, 2, 3). The form of the fruit as seen in a cross-section differs 
according to whether the diameter is greater in the plane of the septum or at 
right angles to this. The character of the marginal and dorsal ridges and the 
presence or absence of secondary ridges or vittae serve to distinguish the fruits, 
and are indispensable aids in determining the species.' Since many of the 
fruits are employed in medicine or as spices, while others are poisonous, their 





terminal pinnules are simple and linear. The terminal umbel, the flowers of 
which open first, is overtopped by the lateral umbels arising from the leaf-axils. 
Biennial. Foeniculum (Fennel) and Levisticum (Lovage) have yellow flowers. 
Petroselinum (Parsley), PcLstmcbca (Parsnip), Daueus (Oarrot), Api%m (Celery), 
and Anethum (Dill), are used as vegetables. Cicuta (Water-Hemlock, Fig. 756), 
Sium (Water- Parsnip), Oenanthe and Perula, are marsh- or water-plants. • Aethusa 
cynapium (Fool’s Parsley, Fig. 757) has the ribs of the fruit keeled ; umbels 
with three elongated, linear, involucral leaves directed outwards. All the last- 
named plants are poisonous. Arokmgelioa officinalis^ which is used for food in 
the far north, is a conspicuous plant, reaching a height of two metres, with large, 
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bipinnate leaves provided with saccate sheathing bases ; the greenish flowers are 
markedly protandrous. 

In the following genera the ventral side of the endosperm is traversed by 
a longitudinal groove. ScandiXf Anthrisens (Beaked Parsley), Chaerophyllum 
(Chervil). Conium maculatum^ the Hemlock, is a biennial plant, often of con- 



Fro. 758 . — Conium maculatwm. (J nat. si!?e). PorsoNOVS. 

siderable height ; it is completely glabrous, the stem and leaf-stalks often with 
purple spots ; leaves dull green, bi- to tri-pinnate. The ultimate segments end in 
a small, colourless, bristle-like tip. Fruit with wavy, crenate ridges and without 
oil-ducts in the valleculae* The whole plant has a peculiar, unpleasant odour 
(Fig. 758). 

The ventral side of the endosperm is concave (Fig. 7^4, 4). Coriandrum 
sativum is an annual plant ; flowers zygomorphic owing to the enlargement of the 
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sepals and petals at the periphery of the umbel. Fruit spherical ; mericarps 
closely united, with ill-marked ])rimary ridges and somewhat more distinct 
secondary ridges. 

Official. — Ferula foetida (Persia), asaffctida. Dorerna Ammoniacum 
(Persia), ammoniacum. Pimpinella Anisum, 

ANisi FRUCTUS. Coviandrum sativumt cori* 

ANDRI FRUCTUS. Foeuiculum vulgare, foeni- 
cuLi FRUCTUS. Carum carvi^ carui fructus. 

Carum copticum, thymol, oleum ajowan. 

Anethum {Peucedanum) graveolenSt aneth i 

FRUCTUS. 

B. Sympetalae 

The only character common to the 
Sympetalae is the gamopeuilous corolla. 

The first three orders, the Primulales, Bicornes, and Diospyrales 
have as a rule five whorls of members in their flowers and are 

classed as Pentacyclicae. All the 
other Sympetalae have only one 
staminal whorl and are therefore 
termed Tetracyclicae. The Sympetalae 
have as a rule ovules with only one 
integument. It is clear that the Sym- 
petalae do not constitute a natural group 
and frequent attempts have been made 
to distribute them in relation to the 
various series of the Choripetalae. In 
the survey given at the beginning of 
the system the connections of various 
orders of Sympetalae to the Choripetalae 
is indicated so far as these seem prob- 
able on morphological and serological 
grounds. Since the Primulales and 
the Bicornes both possess some chori- 
potalous genera and species, these 
PiQ. m.-Amgaau arvemLs Orders Stand nearest to the Choripetalae. 

(inat. size). Longitudinal The Primulales connect with the Cen- 

(I trosperm^ by r^on of the free-central 

larged). placentation. The poncidal anthers 

that characterise the Bicornes are met 
with in some, but not all, Guttiferae, so that a connection with this 
group of Choripetalae seems possible. 

J. Pentacyclicae 

Order 21. Primalalee 

Family 1. Primulaoeae.— The floral diagram (Fig. 759) shows only one whorl 
of stamens ; these stand opposite the petals, the outer whorl of stamens being absent 
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The free-central placentation is characteristic. The genus Primula is widely 
distributed ; the British species show the superior unilocular ovary with a single 
style, characteristic of the family ; dimorphic heterostyly (Fig. 567). Anagallis 
(Fig. 760), capsule opens by a lid. Cyclamen (Fig. 761). The uncooked tubers of 



Fio. 761 . — Cyclamen europaeum. Entire plant (reduceUX Fruit with spirally coiled stalk 
that carries it into the soil. (After Beichknbach.) Poisoirous, 

Cyclamen^ the plant of Anagallis^ and the glandular hairs of a number of species of 
Primula (P. ohamica^ Corthum mxxtthwli^) are poisonous. 

Order 22. Bicomes 

Family 1. Ericaceae (*^).— -Evergreen, shrubby plants with small, often needle- 
shaped leaves. Anthers characterised by the possession of an ** exothecium ” (p. 554), 
opening by pores or splits, frequently provided with horn-like appendages, on 
which account the group is also tenned Bicornes. 

' Flowers which are pentamerous in all five whorls are found in the species of 
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Rhododendron or Alpine Rose, in Ledum palustre, and Andromeda ; all these have a 
capsular fruit derived from the superior ovary, Arctostaphylos Uva^ursi is similar, 
but the fruit is a drupe (Fig. 762). Pentamerous flowers with an inferior ovary 
which becomes a berry are found in the genus Vaccinium (Fig. 763), F. mtis idea, 
Cowberry, F. myrtillus^ Blaeberry. The remains of the calyx persist on the 



Fici. irftoatapln/los V I a‘Ur*<i. I, Flow ennK branch. 1 lower m longitudinal section. 3, 

Pollen tetmd. 4, Fruit. 5, Fruit in tiansveise section. (2 5 enlarged. Aftei Beho and 8f riMim.) 


summit of the fruit. A reduction of the number of members of the wliorls to four 
is met with in the genus M-iccr with a superior ovary, many species being native 
to the Mediterranean region and the Cape. Lrica tetrahx in distinguished fiom 
the closely related Heather, Callmia vulgaris^ by its 
corolla being longer than the calyx ; both are abundant 
in Britain. 

Official.- A)ctostaphylos Uva-msi yields tjvak 
rnsi loLiA. 

Order 23. Diospyrales 

The Sapotaceae is a tropical family; the plants 
contain latex. Species of Palaquium (Fig. 764) and 
Payena from the Malayan Archipelago are the trees 
from which gutta-percha is obtained. Balata is 
obtained from Mimusops ; trees found throughout the 
tropics. 

Ebenaceae. — Diospyroa Kaki is a Japanese fruit tree ; />. Ebenum^ ebony. 

Styracaceae. — Official— bknzoinum from Styrax Benzoin, 



Fio. 768.— F'loial ihagnnii of 
racc}/iiu»i(EiicaceaH). (Alter 
Noll.) 


B. Tetraeyclioae 

Plants, the flowers of which have four whorls of members. Those 
with a superior ovary may be placed first. There are always two 
carpels present"; the flowers may be actinomorphic or zygomorphic. 
The actinomorphic forms may be treated first. 

1. Ovary Sapei'ior 

Order 24. Contortae 

Plants with decussate, usually simple leaves and actinomorphic 
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flowers, the corolla of which is often contorted in the bud. Stamens 
epipetalous. Carpels two, superior. Frequently with bi-collateral 
vascular bundles, or strands of sieve-tubes in the wood. 





Pi«. *iM.—Pvdaquium Gutta, nat. size. After A. Meyer and Bohuuanm.) 

According to serological discoveries the families are related. Derivation from 
the Choripetalae leads to forms with two superior carpels {MercurialiSt Polygalaceae, 
Aceraceae, etc., Gruinales); those with contorted aestivation (Malvaceae) and those 
with the androecium adherent to the corolla (Columniferae). Thus the orders 
Oolumniferae and Gruinales may be regarded as related to the Contortae. 

Family 1. Olaaoaae.— This is really recognised by the two stamens. The 
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corolla is usually tetramerous as is shown in the floral diagram of ISyrmga (Fig. 
765). Besides Ligustrum^ Jasminum and Syringa^ Olea europaea, the Olive Tree 
or Olive, is the most important plant of the family (Fig. 766). It is a native of 
the Mediterranean region, where it is also cultivated. Tlie flower and fruit 
correspond to the type for the family (Fig. 766, 767). The drupe contains a fatty 
oil both in the succulent exocarp and in the endosperm (Fig. 768). FraxinnSf the 
Ash, differs from the type of the 
order in having pinnate leaves : 

F, excelsior has apetalous, anemo- 
philous flowers, which appear 
before the leaves. F, ornus^ the 
Flowering Ash, has a double 
perianth and is entomophilous ; 
it is polygamous, having herma- 
phrodite flowers as well as female 
flowers with black sterile anthers: 
the corolla is divided to the base. 

It is cultivated in Sicily for the 
sake of the mannito it yields. 

Official. — Olea europaeo 
yields oleum olivae. 

Family 2. Loganiaceae (^®).— 

Species of StrychnoSf yield the 
well-known curare of South 
America, and the arrow poison 
used by the Malays. Spigelia 
has ruminated endosperm. 

Official. — Strychnos nux 
vomica (Fig. 770), yields NUX 
TOMICA and STRYOHNIKA. GeL- 


Fig. 765.— Oleaceae. 

Floral diagram (Syringa). Fig. 766.— Otea enropaea in fruit (J nat. size). 

SEMii RADIX is obtained from Oelsemium nitidum, which is a native of North 
America. 

Family 8. Oentianaceae. — This is recognisable by the unilocular ovary and the 
clearly contorted corolla when in bud (Fig. 771). Qer^iana (^) is a genus with 
numerous species, the large, brightly coloured, usually blue flowers of which are a 
feature of the flora of the Alps. Erythraea^ Centaury. Menyanthes^ Bog-Bdan. 
Jjitnnanthemumf aquatic plants with floating leaves. 

Official.— lutea and other species yield asKTiAKAE radix. Chirata 
is obtained from Smrtia chirata (North India). 

Family 4. Apocynaoeae.— Evergreen plants with latex. Especially numerous 
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in the tropics. Stigma ring-shaped. Carpels only united in the region of the 
style, free below and separating after fertilisation. Usually two follicles with 



Fiij. 7(i7.~OIfa niro}xu‘a. A, Corolla spread out. 

B, Calyx and ovary in lonjfitndiiial section. (En- 

lar#?od. After Enoler-Pbantl.) Fkj. 768.^0lea eureka. Drupe, h, Stone. 




numerous seeds provided witli a tuft of hairs (Fig. 774). 

The only British species is Finca minor^ the ever-green Periwinkle, occur- 
ring in woods (Fig. 772). 


Nerium oleander (Fig, 773), 
a native of the Mediter- 
ranean region. The floating 
fruit of Cerhera Odollam^ 
from the mangrove vegeta- 
tion, is shown in Fig. 613. 

0 F F I c I A L.-Strophan- 
thus komhe (^’) (Fig. 774), 
lianes of tropical Africa, 
yieldSTROPHANTHI SEMINA. 
AfiSTONiA is obtained from 
Alstonia scholaris. 

Caoutchouc (^-- •*®), is 
obtained from Kickxia elas- 




Fig, 7(19,— Frcwrfwua omm* 
Flower and fhilt. 


Fio. 77(i,’-~Strychno8 7mx vomica nat. sixe). Fruit and seed 
whole and in cross-section. Poisonous. 


iica and other species, trees of tropical West Africa. It is also obtained from 
numerous species of LwndolphUi (Z. Kirkii, Htudelotiif eomormsUt etc.), and 
species of Carpodinus from tropical Africa. Haneomia speciosa, a tree of the dry 
Brasilian Campos, and fFUloughheia firma, W. flavesems, and other species of 
this Malayan genus of lianes, are also rubber-yielding plants. Gutta-percha 
is present in the latex of TahernaemofUana Donnell Central America. 
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Family 5. Asclepiadaceae.— Similar and closely related to the Apocynacoae but 
differing in the carpels being free, only united by the prismatic stigma (Fig. 775). 
Stamens united at the base, with dorsal, nectar-secreting appendages forming a 
corona. The pollen of each pollcn-sac is united into a pollinium, the stalk of which 
is attached to a glandular swelling (adhesive disc) of the angular stigma. Tlicse 


adhesive discs alternate with the stamens 
so that the two pollinia attached to each 
disc belong to the halves of two adjoining 
stamens. Visiting insects remove the 
pollinia, as in the Orchidaceae, and 
carry them to another flower (Fig. 775). 

Vincetoxicum officinale (Fig. 776) is a 
European herb with inconspicuous white 
flowers and hairy seeds which are borne 
in follicles ; poisonous. Other Asclepiad- 
aceae are mostly tropical or sub-tropical. 
The succulent species of Stapelia^ 
Ifoodia, Trichocaulony etc. (pp. 165-66, 
Fig. 194 ti), which resemble Cactaceae in 
habit, and inhabit South African deserts, 
and Dischid'ia raffiesiana (•*’*), the peculiar 



Pio. 771.— Gcatiana lutea. a and b. 
Flower -buds (nat. size), showing 
calyx (a) and twisted corolla (b); 
c, transverse section of ovary. 
(After Bero and Schmuot.) 



Pig. 77‘2.— Finn* minor (5 nat. size). 


pitcher-plant of the Malayan region (p. 176, Fig. 206), the pitchers of which serve 
to condense water, deserve special mention. Ifoya carnosa and many species of 
Ceropegia are frequently cultivated. 

Corresponding to the actinomorphic Oontortae as further derived 
forms are the Tubiflorae and Personatae which are mostly zygomorphic ; 
these also can thus be traced back to the Golumniferae and 
Gruinales. 
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Order 25. Tubiflorae 

Flowers pentamerous, actinomorphic, or zygomorphic. Carpels U^o. 
Ovary superior, bilocular, with two ovules, which are frequently 





Fig. nZ,'—Nenum oleatider (J iiat. size). PoisoA’OCS. 

separated by a false septum, in each loculus. The normal number of 
stamens is reduced in the zygomorphic flowers to four or two. 

Family 1. Convolvulaceae. — Many of the plants of this family are twining 
plants with alternate sagittate leaves and wide, actinomorphic, funnel-shaped 
corolla, which is longitudinally folded in the bud. Ovules erect ; fruit, a capsule. 
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Convolvulus arvensis, a perennial, twining, herbaceous plant occurring every- 
where by waysides, and as a weed in cornfields. Flowers solitary, long-stalked, 
situated in the axils of the leaves and sometimes in the axils of the bracteoles of 



Fio. 17i.-^trophanthus hUpidus nat. size. After E. Gilo and Mevek and Schumann). Ovary 
in longitudinal section. (V)< I^ruit (| nat. size). Seed (i, nat. size). (After Schumann in 
Bngler-Prantl.) 

another flower. Calystegia has two large bracteoles placed immediately beneath 
the calyx. C. sepium. The Dodder {Cuscuta) is a slender parasitic plant, with 
slender stems and clusters of small flowers, wliich attaches itself by means of 
haustoria to a number of different host-plants (Fig. 214). Ipomm : several 
species are oultivated as ornamental plants. /. pempmU one of the strand- 
plants of tropical countries. BarbUU is closely related (p. 846, fig. 263)^ . 
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Official. — Jalapa is obtained from Ipoimea (Exogonium) purga (Fig. 777), a 
twining plant, with tuberous lateral roots, occurring on the wooded eastern slopes 
of the Mexican tableland. Ipomoea hederacea yields ka la dan a, L orizabensis 



Fio. 775.-~Asclepiascuras8aric(i. A, Flow«r ; an, androeceum ( x 4\ B, Calyx and gynaeceum ; 
/a, ovary ; k, adhesivo discs (x 6). C, Pollinia (more higlily magnified). (After Baili.on.) 


yields ipomoea radix, /. iurpethum .yields turpeth. Scammoniae radix is 
the dried root of Convolmilns Scammonia (Asia Minor). 



Kia. rri.-Ir<mom {Exogonium) purga (i nat. slae. After 

(4 nat. size). Pom^’Ous. 


Family 2. Boraglnaoeae.-' Contains herbs usually covered with coarse hairs. 
Symphytum (Comfrey), Borago (Borage), Anchma (Alkanet), Myosotis (Forget* 
me-not) with actinomorphio flowers, Echiumf in which the flowers are slightly 
zygomorphio, are among the commonest and most conspicuous herbaceous plants 
of oi;r flora; inflorescence a cincinnus or double oinoinnus. Petals frequently 
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provided with scales standing in tho throat of the corolla. Ovary always bilocular 
but divided by false septa into four one-seedod nutlets. Tho style springs from 
tho midst of the four-lobed ovary (Fig. 778). 

Family U. Verbenaceae. — Clearly dorsiventral flowers, with only four stamens; 

the ovary contains only four ovules (Fig. 779 A)j 
but the style is terminal. Tectona gnnidisy Teak- 
tree ; Avicantia (^■*} a viviparous mangrove plant. 

family 4. Labiatae. — Distributed over 
the earth. Herbs or shrubs with quad- 
rangular stems and decussate leaves 
without stipules. Leaves simple ; plants 
often aromatic owing to the presence of 
glandular hairs. The small inflorescences 
are dichasia or double cincinni. Flower 
zygoniorphic (Fig. 779 B), Calyx gamo- 
sepalous, witli five teeth ; corolla two- 
lipped, the upper lip consisting of two, 
the lower of three petals ; stamens in two 
pairs, tw-o long and two short, rarely 

A B 

o 





Fia. 778.— Jioraoo officinalis, a, 
Flower ; b and c, fruit (nat. size). 


Ficj. 779. — Floral diagrams of {A) Verheaa offiviiialis (alter 
Eiciiler), and (/i) Laviiim (Labiatae) (after Noll). 


only two {Salvia^ liosimrinm). The ovary (Fig. 779 B) corresponds 
to that of the Boraginaceae and Verbenaceae ; it has a ring-shaped 
nectary at the base. 

The Labiatae include a considerable proportion of our commonest native 
spring and summer flowers ; Lamiumy GaUopsis (Fig. 780), and Stachya have 
the upper lip helmet-shaped, Ajuga has it very short, while in Teucrium the 
upper lip is deeply divided. Kepeta and Gle^horm differ from the majority of 
the order, in having the posterior stamens longer than those of the anterior 
pair. Salviay Sage, has the two stamens that remain peculL.-dy constructed 
in relation to pollination (cf. p. 567, Fig. 662, Fig. 782). Many Labiatae ^re of 
value on account of their aromatic properties. They are especially abundant 
in the xerophytic formation of shrubby plants in the Mediterranean region to 
which the name Maquis is given. 

Official. — Rosmarinus officinalis yieldd oleum rosmariki. Lavandula vera 

2 z 
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(Fig. 781) (Mediterranean region), oleum 
LAVANDULAE. Mentha piperita, oleum 
MENTHAE 1'II‘RUITAE. M. viHdis, OLEUM 
MENTHA K V I III D IS. M, arvcusis and 
vars. piperascens and gla.hr ata yield 
MENTHOL. Thymus mil gar is and Mon- 
ar da punctata yield thymol. 


Order 26. Personatae 


The Personatae also include 
forms with actinoinorphic and 
zygomorphic flowers. There are, 
however, no false septa in the 
ovary, and the number of ovules is 
usually a larger one. 

Family 1. Solanaceae. — Herbs 
or small woody plants, vdth nearly 
always actinornorphic flowers. 
Petals plaited. Ovary bilocular, 
septum inclined obliquely to the 
median plane (Fig. 783). Fruit, 
a capsule or a berry. Seeds with 



Fio. TSO.—Galeojpsis ochroteuccu a, Flower ; 6, tlie 
game with calyx removed ; c, corolla cut open, 
showing stamens and style; d, calyx and 
gynaeceum ; e, truit. (a, b, nat. size ; e, d, 

X 2.) 



Fio. 781 . — Lavandula vera (^ nat. size). 
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endosperm ; embryo usually curved. Anatomically the order is 


characterised by possessing bicollateral 
vascular bundles. 

Many species of Solanum occur as weeds. 
Flowers actinomorphic ; fruit, a berry. S. nigruirij 
Night-shade. S, dulcamara^ Bitter-sweet (Fig. 7t^4). 
S, tuhcroHuvij the Potato. S. Lycopersicum the 
Tomato. On graft-hybrids, periclinal cliiniaeras and 
gigas- forms of Solanum, cf. p. 301. Tlie Deadly 
Night-sliade, Alropa belladonna (Fig. 785), a very 
poisonous shrubby plant occurring in Eurojie, is 
recognisable by the actinomorphic flowers, with a 
short, wide, tubular corolla of a dirty xmrplc colour 
and the shining black berries. The main shoot 
is, to begin with, radial, but branches below the 
terminal flower into, as a rule, three equally 
vigorous lateral shoots, w’liich exhibit further 
ciiucinnal branching. By the carrying up of the 
subtending bract upon the lateral shoot an 
appearance of i)aired leaves is, brought about. 
Capsicum annuum, Sj>anish Pepper, has a dry, 
berry-like fruit. It resembles Atropa in its 
branching and the position of its leaves. Datura 
Stramonium, Thorn-apple (Fig. 786), is an annual 
plant, widely spread in Europe, Asia, and North 
America. It has incised, palmately-veincd leaves, 
large, white, terminal flowers, and spiny fruits. 
Nicotiana tahacum {fig. 787) is a South American 
plant with numerous cultivated varieties (®®“). 
Its large alternate leaves, which bear numerous 
glandular hairs, form tobacco, after being dried 
and fermented. Ilyoscyamus niger, the Henbane 
(Fig. 788), is an annual 
poisonous plant of the 
old world. The alter- 
nate, sessile leaves are 
clothed with glandu- 
lar hairs. Flowers 
slightly zygomorjihic, 
of dull yellowish- 
violet colour with 
darker markings ; in- 
florescence, a ciii- 
cinnus. Fruit, a 
pyxidium. 

All iSolanaceae are 
more or less poisonous. 




partly on account of Fio. 782.— Salvia oj^wolw. Flowering shoot (J nat. size). Tubular 
the presence of con- corolla slit open to display the stamens (enlarged). 


siderable amounts of alkaloids which are used in ' medicine. Species of Solanum, 
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Atropa^ Datura^ Hyoscyamus^ and Nicotiana are among the most poisonous 
plants met with in this country. 

Official. — Capsicum minimum yields capsici 
FiiucTUs. Atropa Belladonna yields jjelladonnak 
FOLIA, BELLADONNAE iiAinx, and ATiioPiNA. Datura 
Stramonium yields stkamonii folia. D. fastuosa, 
var. alba, yields daVuiia folia and datura semina. 
D. Met el yields datura folia. IDyoscyamus niger, 
HYOSCYAMI folia. 

Family 2. Scrophulariaceae. — Flowers 
zygomorpliic. Corolla not plaited in the bud. 
Number of stamens nearly always incomplete. 
Carpels median. Fruit, a bilocular cajisule. 

Verhascum (Fig. 789, 790 A), the Mullein ; biennial herbs, which in the first 
season tbrm a large rosette of woolly leaves from which the erect inflorescence arises 



Fk;. 783. — Solaiiaeeac. 
diaj^raiii (Fetiinia). 
Noll.) 


Floral 

(After 



Fig. 781 , — Solanuni dulcamara nat. size). Poisonous. 


in the second year. The single flowers have five stamens, and are only slightly 
zygomorphic ; the three posterior stamens have hairy, filaments, and are further 
distinguished from the two anterior stamens by the transverse position of their 
anthers. Scrophulm^^ Linaria^ oxlA Antirrhinum have a two- Upped corolla with 
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four stamens. Mimulus and Toreniay with irritable stigma (cf. p. 366). Mawrandia 
climbs by means of its petioles. Digitalis^ ‘Foxglove (Fig. 791), has an obliquely 



Fig. T85.—Atropa Belladonna nat. size). Poisonous. 

campaniilate corolla and four stamens. The flowers hang from one side of the 
ascending raceme, which is produced in the second year. Gratiola (Fig. 790 and 
Veronica with only two fertile stamens. 
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A special group includes a number of closely related genera which have 
adopted a more or less completely parasitic mode of life. The most completely 
parasitic form is Latliraca (®i), the species of which have no trace of chlorophyll ; 
L. squavuiria, the Toothwort, is parasitic on the roots of the Hazel. Many {e.g. 
Tozzia^ Sarisia, Euphrasia^ Odontites, Pedicularis, Melampyrum, Alectorolophus) 
are semiparasitic. Although they possess green leaves they attach themselves 
by means of haustoria to the roots of other plants. On the specially developed 
haustoria in the ovules of some of these plants cf. Fig. 597. 

Official. — Digitalis purpurea yields dicitalis F(»lia. Picrorhiza kurroa 
yields ficuorhiza. 

Family 3. Orobanchaceae. — Root -parasites, without chlorophyll. Flower as 
in the Scrophulariaceae, but with a unilocular 
ovary. Several British species of Orohanche, 
])arasitic on various host-plants (Fig. 792). 

Family 4. Lentibulariaceae.-— Marsh- or water- 
plants. They capture and digest insects. UtrkU’ 
laria Pinguicula, Tropical species of Utri- 
cularia occur as epiphytes. 

Family 5. Plantaginaceae.— Reduced forms. 
Litorclla lacustris. Plantago, Plantain (Fig. 566); 
anemophilous and protogynous. 

Official. — Plantago ovata yields ispaohula. 

2. Ovary Inferior 

Order 27. Rubiales 

This order is related sto the Umbelli- 
florae, where also the oAry is inferior. 
The flowers are tetramerois or penta- 
merous \ the numbers of sVmens and 
Datura stramonium. Ripe carpels Vary in tpe zygomorpilic (Capri- 
fruit opening nat. size), foiia^eae) and asymmetric (Valetaanaceae) 
flowers. 

The connection of the families of the Rubiales has be^ proved by 8ero<i^gnostic 
investigations. 

The connection between the Umbolliferac and the Rdihiaceae is supported by 
the occurrence in both of tetracyclic flowers, of a bicarpellary, inferior ovary, And of 
ovules with only one integument. To these characters may added the expaiWon 
of the leaf-base appearing as stipules in the Rubiaceae and as'^^ leaf-sheath in| the 
Umbelliflorae. 

Family 1. Rubiaceae (®^). — Herbs, shrubs, or tre^, with silbple 
decussate leaves and stipules. Flowers actinoinorphic. Ovary bilocular. 

The few native Rubiaceae all belong to the group r^presen/ed by 
Asperula (Woodruft), Galium and Buhia, These genera areichar^terised 
by the resemblance of the stipules to the leaves ; usuafly a Avhorl of 
six members is borne at each node, but sometimes It is reduced 
to four by the union of the stipules in pairs'; the nlunbers may, 
however, vary. 
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Fio, 792 . — (hrobanche minor, parasitic on Tri/tMum repenit 
0 nat. size). Single (lower (enlarged). 


In the tropics the 
Ilubiaceae are abundantly 
represented by trees, 
shrubs, climbers, and 
epiphytes. 

Oue of the most important 
Rubiaceae is Cindiona, a 
genus from the South Ameri- 
can Andes, now cultivated in 
the nionntains of nearly all 
tropical colonies (Fig. 793). 
Fruit, a capsule, with winged 
seeds (Fig. 794). Coffea, the 
Coffee plant, is a shrub ; C. 
arabica (Fig. 795) and C. Ube- 
rica are important economic 
plants, originally derived 
from Africa, and now culti- 
vated throughout the tropics. 
The fruits are two-seeded 
drupes. The pericarp be- 
comes differentiated into a 
succulent exocarp and a thin 
stony endocarp, which encloses 
the two seeds with their thin 
silvery seed-coats. These are 
the coffee-beans. The note- 
worthy tuberous epiphytic 
plants Hydnophyi i.m and 
Myrmccodia (®^) 1 ive also 

succulent fruits ; according 
to the most recent investiga- 
tions they utilise the excreta 
of the ants which inhabit the 
cavities in the stems. Species 
of Psychotria and Pavetta (®^‘*) 
are also of physiological 
interest on account of the 
nitrogen-fixing bacteria har- 
boured in their leaves. The 
association is more highly 
organised than that of the 
Tjeguminosae with the bacteria 
in their root-nodules, in that 
the bacteria here are present in 
the seeds and are thus handed 
on to a new generation. 

Official. — Cinckema buc- 
cirubf'a yields cinohonak 

RUBKAE CORTEX, QlJIXINE 
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is ol)tain6d from this and other species of Cinchona. Uragoga (Psychotria) 
Ipecacuanha yields ipecacuanha. Coffea arahica yields cakfeina. 

Family 2. CaprlfoUaceae.— Woody plants, usually without stipules. Viburnum 
has actinomorphic flowers with a trilocular ovary. The fruit contains only one 
seed. The sterile marginal flowers, which are alone represented in cultivated forms, 



Fio. 79B.’-~(Jinchonasuc{^rubra (nat. size). (After Sohomann and Akthuk Meyeb.) 

serve as the attractive apparatus. Samhucus, Elder, has in « pari pinnate leaves, 
glandular stipules, and actinomorphic flowers. Zygomorphic flowers are 'found in 
the Honeysuckle {Lonicera periclymenum)^ one of our native lianes ; the long- tubed, 
sweet-scentecl flowers are attractive to long - tongued Sphingidae. Diervilla 
( Weigelia) a favourite ornamental shrub. 

Official. — Viburnum prunifoUum yields viburnum. 
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Family 3, Valerianaceae. — Herbs with decussate! y-arrariged leaves and asym- 
metrical flowers. Calyx only developed on the fruit as a “pappus,” i.e. a feathery 
crown assisting in wind-dispersal. ValcHana^ the Valerian (Figs. 796, 797), has 
a spurred pentarncrous corolla, three stamens, and three carpels, only one of which 
is fertile. Other Valerianaceae have only tw'o {Frdia) or one {Ccniranthm) stamens 
in the flower. 

Officiau. — Valeriana officinalis yields v^lkuianae rhizoma. V. IVallichii 
yields valei!1ats^ae indicak rhizoma. 

Family 4. Dipsaceae. — Herbaceous plants w'ith opposite leaves and tetramerous 



Fi< 5 . 794.— Cinchona succirubra. Flower. B, Corolla split open. C, Ovary in longitudinal 
section. D, Fruit. K, Seed. (7> nat. size, the others enlarged.) (Aft<;r A. Meyer and 
Schumann.) * 

or pentamerous actinoinorphic or zygomorphic flowers. The individual flowers 
have an epicalyx which persists on the fruit and serves as a means of dispersal ; 
they are associated in heads surrounded by sterile bracts. 

J>ipsacuSf the Teazel, has recurved hooks on the involucral and floral bracts. 
Corolla with four lobes, four stamens, and one carpel containing a pendulous, ana- 
tropous ovule ; endosperm present in the seed (Fig. 798). Succisa (Fig. 799) 
also has a four-lobed corolla ; Scahiosa has a five-lobed corolla and the marginal 
flowers of the head are larger and dorsiventral. Knautia has tetramerous 
flowers ; no floral bracts. 
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Order 28. Synandrae 

The common character of this order is found in the fact that 
the authors and sometimes the stamens in one way or another are 
fused or united together. The flowers may he actinomorphic or 
zygomorphic. 



Fio. 795.— (Jo/ea arahica (J nat. Bize). Single flower, fruit, seed enclosed in endocarp, and free 
from it (alK>ut nat. size) 

Family 1. Cucurbitaceae. — This family, in the frequently incomplete sympetaly 
it exhibits, shows a relationship to the Choripetalae, although to groups whicli 
have not been mentioned in this short survey. The other Sympetalae are, 
however, also connected with the Cucurbitaceae (see tlie phylogenetic table, 
p. 622). The Cucurbitaceae include herbaceous, coarsely hairy, large-leaved 
plants. Flowers diclinous ; monoecious or less commonly dioecious. Calyx and 
corolla adherent below. Anthers united in pairs or all coherent ; cO*®haped 
(Fig. 800). Ovary trilocular (Fig. 800). Fruit, a berry, with a tirip rind. The 
branched or unbrauched tendrils correspond in their lateral position to bracts. 
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Oucumis sativust the Cucumber, and Oumtmis MelOf the Melon, are commonly 



(enlarged). diagram. (After Noll.) 

cultivated. The Cucumber is parthenocarpic (®^), i.e. pollination of the stigma is 



Fio. 798. — Fruit of Dipsaeus Cl C » 

fuUonwn in longitudinal Fio. 7^.~Suctdm pratensis. a, Flower with epicalyx ; 
section. hk, Calyx tube; b, the same after removal of epicalyx; c, fruit in 

end, endosperm ; em, em* longitudinal section ; /, ovary ; hk, epicalyx. (After 

bryo. (After Baillon.) H. Schknck.) 


not necessary for the setting of the fruit. Cvcurhita Pepo, the Pumpkin. 

Bryonia, Bryony. CitruUus Colo- 
ctjtUhis is a perennial plant of sub- 
tropical deserts. Leaves deeply three- 
lobed and pinnately divided. Tendrils 
simple or forked ; male and female 
flowers solitary in the axils of the 
leaves. The fruit is a dry berry (Pig. 
flOl). 

Official. — CitruUus Colocynthis 
PiQ. 800.— ficbcditim (Oucorbitaceae). Diagrams of yic^d® COLOCYNTHIDIS PULPA, Cucur- 
{A) a male and of (B) a female flower. (After hita maxima yields cucurbitae 
KlCBLBa.) SEMINA. 

The association of the following 
faraili^ with the Cucurbitaceae is only possible on the 'morphological character 
afforded by the united anthers. A real relationship appears improbable, especially 
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since the investigations of Kuatzer have shown how various is the course of 
development of the seeds. 



Fia. ^l.-~CUrullus Colocynthu (i nat. size), i, Shoot with male and female flowers, 5, Apex of a 
shoot with a male flower-bud and tendrils. 9, Male flower with corolla spread out. I, Female 
flower cut through longitudinally. 5, Young fruit cut transversely. 


Family 2. Cfonpaattlaoeaa— Herbs with milky juice ; flowers actinomorphic ; 
ovary as a nils trilocular or pentalocular. The stamens are inserted on the 
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floral axis and have their anthers joined together. Tlie genus Campanula (Figs. 
802, 803) has a number of British species with blue bell-shaped flowers. Fhyteuina 
has spike-likc inflorescences, the petals only separate near the base. Only after 
the pollen, which has been shed in the bud, has been swept out by the hairs on 



Pig. 804. — Floral diagram of io&fWa Fia. 805 . — Lobelia inflata. Upper per- 

fulgens. (After Eiciilkk.) tion of plant with flowers and fruits. 


the style (®®) do the petals open and the arms of the stigma spread ajiart. 
Jasioiu has capitulate inflorescences resembling those of Comiiositae. 

Family 3. Lobeliaceae differ from the Campanulaceae in the zygomorphlc 
flowers and two carpels. The median sepal is anterior and conies below a deep 
incision in the corolla. The normal position is assurfled by torsion of the whole 
flower through 180® or inversion of the flower (Figs. 804, 806). In Britain 
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Lobelia Dortmanihat an aquatic plant of northern regions, lias a similar habit to 
Litorella (®®). 

Official . — Lobelia injlatn from North America (Fig. 805) yields lobelia. 

Family 4. Compositae (^’^). — Distributed over the whole earth. 
For the most part herbs of very various habit ; some tropical forms 



Ki(i. 80(>. — (3oin])Ohita<*. Floial 
diagram (CufiJuus). 



Fio. 807 . — Aniua montana. a, Kay-flowpi ; &, disc- 
flower ; c, tho latU*r cot through lougitudinally. 
(After Hero and 8( hmidt, magnified ) 


are shrubs or trees, e.g, Senecio Johnatoni, S. ad nivalis (Fig. 814). The 
flowers are associated in heads and are either all alike or of different 



Fio. 808.— Ijongitudinal section of capitulum— u, of Lappn mifor with hooks on the mvolncml bracts 
and with floral bracts ; b, of Matricaria ChamomiUa without floral hracts. (After Bero and 
SciiMiDr, magnified.) 


types in the head. The single flowers are actinomorphic or zygo- 
morphic. Stamens five ; anthers introrse, cohering by their cuticles 
to form a tube (Fig 806) which is closed below by the unexjianded 
stigma. The flowers are protandrous ; the pollen is shed into the 
tube formed by the anthers and is swept out by the brush-like hairs 
of the style as the latter elongates. The style is bifid above, forming 

3a 



722 


BOTANY 


PART II 


the stigma. Ovule erect, anatropous (Fig. 809). Seed exalbuminous. 
The fruits often hear at the upper end a crown of hairs, the pappus. 
This corresponds to the calyx and aids in 
the dispersion of the fruit by tile wind (Fig. 

807). As a reserve-material in roots and 
tubers (Fig. 198) inulin as a rule is found ; 
in the seeds aleurone grains and fatty oil. 

The individual flowers are either radially sym- 
metrical with a 11 ve-lobed, corolla (Fig. 807, c) or 
tlicy are two-lipped as in the South American 



Flo. 809.— montawi. a, Receptacle of capituhim 
after removal of fruit ; ft, IVnit in longitudinal section, 
the pappus only partly shown. (After Berg ami 
Schmidt, niagnifled.) 


Fig. 810.— Androeciuin of Car- 
duus crisptia (x 10). (After 
Baili.om.1 


Mutisieae, the upper lip having two teeth, the lower three. By suppression of the 
upper lip, flowers with a single lip are derived ; such flowers exhibit three teeth at the 



Flu. 811. — Fruits Hdianthus annuv^s B, Hieracium viroaum; 0, Cichorium Intylma. 

(After Baillon.) 


tip (Fig. 807 a). The ligulate flowers {e.g, of Taraxacum) are similar in general 
appearance to the latter ; the corolla is here deeply split on one side and its margin 
bears iive teeth. In addition to those Oompositae which have only ligulate 
or only tubular florets in the head, there are many which have tubular florets 
disc-florets) in the centre, surrounded by one-lipped florets (ray-florets). These 
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usually differ from one another in sex as well as in colour ; the disc-ilorets are 
hermaphrodite, the ray- florets purely female. The flower-heads are thus Iietero- 
gamous {Matricaria^ Arnica). Lastly, the marginal florets may he completely 
sterile {Centaurea cyanus) and serve only to render the capituluiu conspicuous to 
insects. 

One scries of genera has only tubular florets in the head. Carduus (Plumeless 
Thistle), pappus of simple, hair- like bristles ( Fig. 810). Cirsium^ with feathery 
pappus. EchmopSj with single-flowered capitula associated in numbers. Lappa 
(Burdock), (Fig. 808 a), involucral bracts with recurved, hook-like tips. Cynara 
Scolymus (Artichoke). Cnicus benedicttis (Fig, 813), capitula solitary, terminal, 
surrounded by foliage-leaves. Involucral bracts with a large, sometimes ]unnate, 



Fio. 814.— Serwcio keniadendron from the Uppei AJpiiie region of West Kenya (East Africa). 
(After Rou. E. Fries.) 

terminal spine and a felt of hairs. Centaurea with dry, scaly, involucral bracts 
and large, sterile, marginal florets. 

Other genera have only hermaphrodite ligulate florets in the capitulum, 
and have latex in all parts of the plant. Taraxacum officinale (Dandelion) is 
a common plant throughout the northern hemisphere. It has a long tap-root, 
a rosette of coarsely-toothed leaves, and inflorescences, borne singly on hollow 
stalks ; after flowering these exhibit a second period of growth (p. 282, Fig. 254). 
Fruits with an elongated beak, carrying up the pappus as a stalked, umbrella- 
shaped crown of hairs (Fig. 812). hacinca Lettuce. L. virosa. L, 

Scariolat Compass plant, has leaves which take a vertical position (cf. p. 858). 
Ciehorium Intybus (Chicory) has blue flowers and a pappus in the form of short, 




feathery pappus ; Sc. hispanica. Orepis has a soft, flexible, hairy pappus of 

3 A 1 
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brownish colour, Sonchus, pappus of several series of bristles. Huraciumi a large 
European genus with many forms. Pappus white, rigid, and brittle (Fig. 811 B), 
Usually there are florets of two distinct types in the capitulum. Numerous 
species of Astern SolidctgOj and JSrigeron occur in Europe, America, and Asia. 
Species of Aster are cultivated. Species of Haastm and RaouUa are cushion- 
shaped plants with woolly hairs in New Zealand (Vegetable Sheep) (Fig. 184). 



Fiu. 817.— I’limZafiFO Farfara. (After Baillon.) 


Inula occurs in Britain ; involucral leaves frequently dry and membranous. 
In Onaphaliumt Antennaria^ Helichrysum (Everlasting flowers), Leontopodium 
(Edelweiss), Filago^ etc., the dry involucral bracts are coloured. Helianthus 
annum (Sunflower, Fig. 811 A), cultivated for its oily fruits, AT. tuherosus 
(Jerusalem Artichoke), with edible tubers. Dahlia^ from America and in 
cultivation. In Britain ; Bidens^ herbs with opposite leaves, sometimes 
heterophyllous. AtkilUa^ Milfoil ; moschata and A» atrata are corresponding 
species of the Alps, the one on limestone and the other on schists. Anthemis 
noHlis, capitula composed of disc*florets only, or with these more or less 
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replaced by irregular florets. Anacydus offidnarum, Matricaria Chamomilla 
(Chamomile, Figs. 808, 815) is an annual copiously-branched herb with a hollow, 
conical, common receptacle, yellow disc-florets and white, recurved, female ray- 



Fio. 818.— -j4mico motiiam (i nat. size). 


florets, in the terminal capitnla. Chrysantkermmf (7* segetum, Tanacetum^ flowers 
all tubular, marginal florets female. Artemisia has all the florets tubular and 
usually the peripheral ones female {A, Absmthiumf Wormwood) ; in the few^ 
flowered capitula of A» Cina (Fig. 816) all the florets are hermaphrodite. 
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Tussilatjo Farfara, Coltsfoot, flowers appear before the leaves ; the flowering 
stem bears scaly leaves and a single capitulum (Fig. 817) ; the flowers stand 
on a smooth receptacle and have a fine, white, hairy pappus. Female flowers at 
the periphery in several series. Leaves large, cordate, thick, (Jovered beneath with 
white liairs. Petasites oj/icwalis, Butter- Bur. Smecio, plants of diverse habit, 
including some trees and succulent plants ; of world-wide distribution. Dendroid 
species of Senecio occur on the volcanic mountains of Central and East Africa (Fig. 
814). S. vulgaris has no ray- florets but only tubular, hermaphrodite florets. 
Doronicurriy Cineraria are commonly cultivated. Arnica 'tnontana (Figs. 807, 809, 818) 
has a rosette of radical leaves in two to four opposite j)airs and a terminal inflores- 
cence bearing a single capitulum ; from the axillary buds of the two opposite 
bracts one (rarely more) lateral inflorescence develo]>8. Calendula and DimorpJw- 
tkeca have the fruits of the capitulum of varied and irregular shapes. 

Official. — Anacyclus Pyrethrum yields pyiiethri radix. Santoninum is 
prepared from Artemisia niaritimay var. Steclnnaniiiana. Anthernis nobilis yields 
ANTHEMiDis FLORES. Taraxacum officinale, taraxaci radix. Arnica inonta.na, 
ARNiCAFi FLoRKS. GrindvMa camporum, orindklia. 


SUB-ClASS II 

Monoeotylae 

The derivation of the Monocotyledons from the Dicotyledons must, 
as has already been stated, be sought in the Polycarpicae. As regards 
general habit, the herbaceous Kanales come closest to the Monocotyledons 
which are, as a rule, herbaceous plants. Ecologically the lowest 
Monocotyledons are water-plants like the Nymphaeaceae among the 
Polycarpicae. Secondary thickening is wanting in the herbaceous 
Polycarpicae as in Monocotyledons. Trimerous flowers occur in 
the Lauraceae, Berberidaceae, and Nymphaeaceae, and throughout the 
Monocotyledons ; the apocarpous gynaeceum of Polycarpicae appears in 
the Alismataceae and Butomaceae among the Helobiae. There is 
thus no one family of the Polycarpicae from which the Monocotyledons 
can be regarded as derived. It is the general organisation of the 
order which is significant. This is supported by the detailed compari- 
son of the nectaries of the flowers made by PORSCH (^). Serologically 
also the relationship of the Polycarpicae with the Monocotyledons and 
in particular with the Helobiae is confirmed. 

The Monocotyledons, or Angiosperms which possess a single 
cotyledon, are in general habit mostly herbaceous, less frequently 
shrubs or trees. In germination the radicle and hypocotyl of the small 
embryo emerge from the seed-coat, while the sheath-like cotyledon 
usually remains with its upper end within the seed (Fig. 616 6) and 
absorbs the materials stored in the endosperm, which is usually well 
developed. The growth of the main root is sooner or later arrested 
and its place taken by numerous adventitious roots springing from 
the stem. In the Grasses these are already present in the embryo 
within t^ seed. Thus a single root-system derived by the branching 
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of a main root, such as the Gym nosperms and Dicotyledons possess, is 
wanting throughout the Monocotyledons. 

The laterally placed growing point of the stem (Fig. 59^)) remains 
for a longer or shorter time enclosed by the sheath of the cotyledon. 
Later it bears in two-ranked or alternate arrangement the leaves, 
which liave long sheaths and continue to grow for a considerable 
time at their bases. The growth of the stem is often limited ; 
branching is in many cases entirely wanting, and rarely results in 
the development of a highly branched shoot -system. The leaves 
are mostly sessile and parallel- veined, and of a narrow, elongated, 
linear, or elliptical shape (Fig. 819). Tlie pinnate or palmate leaves 
of the Palms and the perforated leaves 
of some Araceae are due to the perish- 
ing of definite portions of the lamina 
during development. 

Anatomically the Monocotyledons 
are characterised })y their closed 
vascular bundles in which no cambium 
is developed ; these are uniformly 
scattered in the cross-section of the 
stem (cf. Fig. 105). Secondary thicken- 
ing is consequently wanting in Mono- 
cotyledons, and in the rare cases in 
which it is found results from the 
formation at the periphery of the 
central cylinder of additional closed 
bundles embedded in ground-tissue. 

The flower in the Monocotyledons 
is usually pentacyclic and has two 
whorls constituting the perianth, an 
androecium of two whorls, and a 
gynaeceum of a single whorl. The 
typical number of members in each whorl is three. The two whorls 
of the perianth are usually similarly formed, and thus constitute a 
perigone (Fig. 547). The floral formula of such a flower is P3 + 3, 
A3 + 3, G(3). 



Fio. 819. — Leaf of Polygonatumunvltiflomm 
with parallel venation (| nat. size). 


(a) Flowers usually complete^ pentacydic and adinomorphic 

Order 1. Heloblae 

This order includes only aquatic or marsh-planti. The radial or 
actinomorphic flowers have the gynaeceum frequently apocarpous and 
composed of two whorls of carpels, which develop into indehiscent 
fruitleta or follicles. Seeds exalbuminous ; embryo large. The order 
connects by its floral structure the Monocotyledons with the Poly- 
carpicae. 
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Family 1. Alismataoeaa. — Widely spread in the warm and temperate jsones. 
Alisma Plantago^ Sagittaria sagittifolm, and BtUomus umbellatua have long* 
stalked panicles or umbels, and occur as marsh-plants. The individual flowers 
have a calyx and a white (in ButomuSt reddish) corolla. Androeciuni, with siic or 
more stamens. Gynaeceum apocarpous, with six or many carpels that may be in 
whorls or spirally arranged (Fig. 820). Sagittaria is monoecious with flowers that, 
by suppression of stamens or carpels, are unisexual. Male flowers, with numerous 
stamens and sterile carpels ; female flowers, with starainodes and numerous free 
carpels inserted on the convex floral receptacle (Fig. 821). Leaves in Butomus, 
linear, channelled, and triangular in cross-section ; in Aliama and Sagittariat 
long-stalked with si)oon-shaped and sagittate leaf-blades respectively. Individuals 
of both genera growing in deep-flowing water have long ribbon ■ shaped loaves, 



¥in. 820. — Floral diagram of 
EcMnodonis parvvlus^ one 
of the Alismatticeae. (After 
ElCUliEH.) 



Fio. 821 . — Sagittaria mgitti/olia. a, Flower; fruit after 
removal of some of tlie carpels. (Magnilleci ; 7/, after 
Engleb and Prantl.) 


similar to those that appear as a transition type in germination ; such plants do 
not flower. 

Family 2. Potamogetonaceae.— Many species of Potanwgeton are distributed 
over the earth in standing or flowing water. Leaves usually submerged, with a 
long sheath, slit on one side, formed from the axillary stipules. P, natanSf 
the common Pond-weed (Fig, 822), at the time of flowering has usually only float- 
ing leaves, the cylindrical, submerged water-leaves having disappeared by then. 
Ituppia maritima and ZanicJiellia paluatris grow in brackish water. Zoatera 
marina^ Grass-wrack, occurs commonly on all north temperate coasts and is used 
for stuffing cushions. 

Family 3. Naiadaceae. Naiaa marina^ dioecious, d fls. with a single stamen ; 
9 with one carpel in a cup-shaped investment. 

Family 4. Hydrochaxitaceae. — Hydrocharis moraus rariae and Stratiotes aloidea 
are floating plants occurring in Britain, which are vegetatively propagated by 
runners ; they pass the winter at the bottom of the water, in some cases as special 
winter buds, and grow up again in the spring. Flowers dioecious ; entomophilous. 
The male flower has several trimerous whorls of stamens ; the female flower 
possesses starainodes and two trimerous whorls of carpels. Vallianeria apiralia^ a 
fresh-water plant of the tropics extending to the Italian lakes. Elodca canadenaia, 
the Canadian water-weed, now widely distributed (hydrophilous, cf. p. 664). 


Order 2. Spadieiflorae 

The common character of this order is afforded by the peculiar 
inflorescence ; this is a spike with a thick, swollen, often fleshy axis 
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and is termed a spadix. The flowers are mostly diclinous, 
monoecious, or more rarely dioecious. 

Family 1. Typhaceae. — Marsh - plants, with long, linear leaves and long- 
stalked spikes, which bear a large number of flowers, the male above, the female 
lower down. Perianth wanting. 

Family 2. Sparganiaoeae. — Connected with the preceding family. Spikes 
spherical. Flowers with a peri gone, but otherwise like the Typhaceae. 



Family 8 . PaEdaaaceaa.— Screw -pines. Trees of peculiar apj>earance, sup- 
ported by prop-roots, or climbing shrubby plants ; all belong to the tropical 
countries around the Indian Ocean and to the Paciflc islands. Leaves elongated, 
spiny, channelled above, arranged without bare internodes in three spiral ranks 
on the axis {“*). Inflorescences, <5 or 9, are terminal sp'kes in the axils of 
sheathing bracts. , Flowers without perianth, Pandanus (cf. Fig. 825 in front of the 
Palms), PreydnetiA scrambling climber. 

Family 4-. PalmM (“). — The Palmg are an exclusively tropical 
and subtropical family, the members of which mostly attain the size of 
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trees. Their slender stem is simple and usually of uniform diameter 
throughout ; only the African species of Hyphame have branched stems. 

Other forms show evident growth in thickness towards the base and sometimes 
for half the height of the stem ; this depends on enlargement of tho elements 
already present. The Pandanaceae behave similarly. The leaves, which are often 



B'ig. 823 .~Coco« nuH/era. Inflorescence of the Coco-nut Palm. (Greatly reduced.) 

of gigantic size, form a terminal crown. They are either pinnately or palmately 
divided, the division coming about by the death of definite portions of tissue in the 
young leaf in the bud, and subsequent tearing along these lines. The inflorescence 
is in some cases terminal {Metroxylon)^ and the individual perishes with the 
development of the fruits. More often the inflorescences are axillary. When 
young, they are enclosed by a massive resistant sheath, the spathe ; this bursts 
open and permits of tho unfolding of the simple, or more usually branched, 
inflorescence (Fig. 823). 

The individual flowers are as a rule unisexual and constructed on the ordinary 
monocotyledonous type ; P3 + 3, A 3 + 3, in tho male flowers, and P3 + 3, G (3), in 
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the female flowers. In Cocot their distribution is monoecious. Fig. 823 represents 
the inflorescence of Qooot nneifera^ still partly enclosed by the spathe. The 
male flowers are crowded on the terminal branches of tlie inflorescence, while the 
female flowers are considerably larger and stand singly lower down. The ovary, 
which is here composed of three united carpels, becomes, as a rule, unilocular in 
the fruit, since only one carpel develops further. The ripe fruits are borne 
in small numbers on each inflorescence. Each has a smooth exocarp, a fibrous 
mesocarp, which contributes to the buoyancy of the fruit in water and thus leads to 
the wide distribution of this palm on tropical coasts, and a hard endocarp. At the 
base of each carpel a germinal pore is present in the endocarp (Fig. 824), but only the 
one in relation to which the embryo lies remains permeable. The endosperm forms 
a thick layer within the endocarp ; it is rich in fatty substances and produces the 
COPBA of commerce. The space within the 
endosperm is partially filled with fluid, the 
“milk” of the coco-nut, which is possibly of 
service in germination. The embryo on germina- 
tion develops a massive absorbent organ which 
grows into the cavity of the fruit and servos to 
absorb the reserve -materials. Fig, 825 shows the 
general habit of Coco-nut palms. 

In Areca catechu (Fig. 851) the fruit developed 
from a similar ovary to that of Cocos is a berry, 
the mesocarp becoming partly fibrous and partly 
succulent. The white endosperm is here of stony 
consistence, cellulose being stored as a reserve- 

material ; the endosperm is ruminated, t.e. the „ 

, , \ ^ . X .. . . . , 824. —Coco -nut after !>artial 

dark seed-coat grows into it at many points and removal of the fibrous ineKOcarp. 
gives it a veined appearance. The fruit of the (ileduced. After Warmino.) 

Date Palm {Plweidx dactylifera) is also a berry, 

but this arises from one of the carpels of the apocarpous gynaeceum, the other 
two not developing. In contrast to the other genera mentioned, Phoenix is 
dioecious. Other important economic plants among the Palms are Elaeis 
guineensisy the African Oil Palm, species of Calamus which yield Malacca Cane, and 
s^)ecies of Metroxylony from which Sago is obtained ; the two latter are found 
in the Asiatic-Australian region of the tropics. Phytelephas ^nacrocarpa, an 
American Palm which does not form a trunk, yields vkoetablr ivory (the 
hard endosperm). Several species yield a flow of sugary sap on cutting off the 
inflorescence, and this is sometimes fermented to make Wlm-wine and sometimes 
used as a source of cane-sugar {Arenga saechari/era). 

Family 5. Araeeae. — The Araceae are mostly herbs or shrubs ; 
they take a conspicuous place as root-climbers in the damp, tropical 
forests (Fig, 826). The leaves of some species (e.g. Monstera) have the 
large lamina incised or perforated ; this comes about by the death of 
definitely limited areas and is comparable to the metkoi by which the 
leaves of Palms become compound. The flowers are greatly reduced, 
usually diclinous, borne on a swollen, fleshy axis ; a spathe, often of 
bright colour and serving to render the inflorescence conspicuous, 
is present at the base of the spike Anthurium scherzerimum^ 
M^rdia mthiopka^ both of which are commonly cultivated). Fruit 
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usually a red, bluish, or white berry. Colocasia (see p. 232) and 
Caladium are frequently cultivated on account of their large, beauti- 
fully coloured leaves. Anopsia and Spathicarpa have characteristic 
inflorescences. 



Fig. 826. — Coco-nut Palma at Hilo, Hawaii. Pandunus odonUissimus in front of the Palms. 


Acotus calamus has, in the course of the last two or three centuries, spread to 
this country from the East. It has complete, hermaphrodite flowers ; ovary tri- 
locular. The short spadix is terminal, but is displaced to one side by the spathe, 
which resembles the foliage-leaves (Fig. 327). 

Poisonous. — Many Araceae are |x)isonous. Calla palustris in peaty swamps. 
Arum maculatum (Fig. 828), a perennial herb with tuberous rhizome, common in 
woods. It develops a number of stalked, hastate leaves, the brown spots on which 
give the plant its specific name. The flowers are monoecious, without perianth, 






Pia. 826.— Boot-climblng Araceae in the moist tropical forest of Chiapas (Cafetal 
TrionfoX From the examples above the region figured rope-like roots hang down 
to the ground. They serve to nourish the plant after the death of the stem. 


Order 3. Llliiflorae 

Flowers actinomorphio, composed of five whorls, with superior or 
inferior ovary (Fig. 547). Both whorls of the perianth developed 
alike. Only in the Iridaceae is one whorl of the androecium sup- 
pressed. The gynaeoeum varies in position, but it is always formed 
of three carpels and in most cases has a trilocular ovary. 




Fig. 627, --Acoruscdlamm. Floworing plant. Single flowere seen fi’om above and from the side. 

(I nat. size.) 


stigmas. Endosperm floury. Fruit a capsule. Distributed in the temperate zones 
of both hemispheres. 

Numerous species of Juncua (Rush) occur in our flora, in marshy ground ; the 
leaves are cylindrical and have large, intercellular spaces. The clusters of small 
anemophilous flowers (Fig. 829) are borne on the end of a i^ooti but are often die* 
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Family 2. Liliaceae. — Typical flower, with coloured, conspicuous 
perianth. Entomophilous. Ovary superior. The fruits are septicidal 
or loculicidal capsules, or berries. Seeds numerous. Endosperm 
horny or fleshy. 


The majority of the Liliaceae are perennial herbs with bulbs, tubers, or rhizomes. 
They mainly inhabit the warm temperate regions. 

Sub-family 1. Melanthoideae. — Capsules septicidal. Colehicum autumnaht 
the Autumn Crocus (Fig. 830), is a perennial herb growing in meadows. If a plant 
is examined in autumn at the time of flowering, the corm, to the base of which 
is attached the lateral shoot bearing the flowers, will be seen to be enclosed in a 


brown envelope. The lateral flowering 



Fro. 829 . — Juncus lamprocarpm. a, Part of an in- 
florescence : single flower (b) and gynaeceum 
(c) magnified. (After A F. W. S(!himfek.) 


shoot bears at its base three sheathing 
leaves not sejmrated by elongated inter- 
nodes. In the axil of the third of these 
is a bud which will form the flowering 
shoot of the next season. In spring the 
reserve -materials from the corm are 
absorbed and the old corm is pushed 
aside by the swollen internode which in 
its turn enlarges to form a new corm. 
Tile three foliage-leaves expand their 
long, channelled, dark green laminae 
above the soil ; their sheathing portions 
closely surround the axis. The latter 
bears the fruits, which contain nume- 
rous, spherical, black seeds ; these are 
liberated by the dehiscence of the 
capsule at the sutures (Fig. 830/). 
Feratrum album is a conspicuous herb 
wdth a rosette of large, elliptical, longi- 
tudinally-folded leaves. The growth of 
the main axis is terminated by an 
inflorescence, which is a panicle more 
than a metre in height ; the leaves borne 
on it have long sheaths and diminish in 


size from below upwards. The greenish-white flowers are polygamous. Sckoeiw- 
caulm {Sahadilla) officinale, a bulbous plant of the Andes with grass-like leaves, 
has also septicidal capsules. Bowiea, twining plant. South Africa. Gloriosa and 
Littonia, both with tendril-like leaf-tips and conspicuous flowers. 

Sub-family 2. Lilioideae. —Capsule loculicidal. Includes such popular flowers as 
TuUpa (Fig. 197), Hyacinthus, Lilium (Fig. 200), Muscari, and Scilla, and vege- 
tables as Allium, together with Vrginea (Fig. 881), which occurs in the 
Mediterranean region, Oaltonia, South Africa. OnuUhogalum umhellatum (Fig. 
832) will serve as an example of this group. In nplin the plant consists of a 
bulb, each of the fleshy scales of which has a Bcarl | || fc e upper end. In the axil 
of the innermost scale beside the stalk of the spMI inflorescence is a young 
bud bearing a number of leaves. Each of these leaves is provided with an em- 
bryonic lamina, while the continuation of the shoot is the embryonic inflores- 
cence. In spring the leaves grow into long linear structures, and, together with 
the inflorescezioe, appear above ground. The inflorescence is sparingly branched ; 
the white flowers have a trilocular ovary bearing a common style. The upper 
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parts of the leaves wither, while the basal portions become swollen and fleshy, and 
stored with reserve-materials ; the scar at the upper part of each scale marks the 
place of separation of the leaf-blade. The annual course of development is 
essentially similar in other bulbous plants. The vegetative period is restricted 
to a few months, while during the cold or, in the numerous bulbous plants of 


« 



Fio. 838 . — Aloe apeciosa and Aloe J^rox, The latter with branched inflorescences 
(After Marlotu.) 

warm*temperate climates, the dry seasons, the bulb is protected by its sub- 
terranean situation. AloSf a genus of African plants containing many species 
(Figs* S33, 834), has succulent leaves with spiny margins. < 

Sub-family 3. Asparagoideae. —Fruit, a berry. Dracaena (Fig. 835), an 
arborescent form which attains a great age and a characteristic appSearance, 
together with the similar genera, Cordylim and Vitcea, and Smilax (Sarsaparilla), 
a shrubby plant of warmer countries, climbing by the help of tendril -like 
emergences at the base of the petioles, have berries. Other examples are 
Asparagus with bunches of phylloclades in place of leaves, Huscust with broader 
leaf-like phylloclades, and Myrsiphyllum, Cmvallaria (Fig, 121), Jfaianikemum, 
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Polygonatum (Fig. 139), and Paris quadrifoUa (Fig. 836) ; the latter bears whorls 

of four leaves, sometimes 3-6 leaves (®^). All 



these plants have creeping rhizomes bearing 
scale-leaves ; either the apex of this rhizome 
grows annually into the erect shoot bearing 
the foliage -leaves and intiorescences, while the 
growth of the rhizome is continued by a lateral 
branch (Polygonatum)^ or the rhizome continues 
its subterranean growth, the leafy shoots being 
develo|ied from axillary buds (Paris), 

Poisonous. — Numerous Liliaceao are more 
or less ])oisonou8. e.g. Lily of the Valley, 
Tulip, Fritillanay Colchicum, Verairwm, 
Paris. 

Official. — Cohhicum autumnale^ colchtoi 
(‘ORMU sand skmina. Aloe chinensis, A. Perryi, 
and A, feroj', yield alok. Urginea Seilla 
yields scilla. Urginea indica yields uiiqinka. 

Family 3. Amaryllidaceae (®‘^')- — Dis- 
tinguished from Liliaceae by the inferior 
ovary. Leucojum (Fig. 837), the Snowdrop 
(Gahmtfius), and Narcissus resemble the 


P'lO. 834.—j-t/nc .s(mtriuu. A, Iiifloies. 
cence. 7/, Flower. 0\ary in cross- 
section. 


bulbous Liliaceae in habit. The majority of 
the genera belong to the tropics or sub- tropics, 
€.g. Haemanthus^ Climax Crimm^ species of 


which are often grown in greenhouses. Agave, 



Fio. 885.^I)racaem draco. T)ie Dragon Tree of lagnna in the Canary lalandti. 
(After Chon.) 
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plants. A. saimiana provides the national drink of Mexico (pulque), obtained 
by fermenting the sap that flows on cutting off the inflorescence. Species of 
Agave are acclimatised in the Mediterranean region. 




Fkj. — Lewojum aestivum. 
a, Inflorescence (reduced) ; b, 
gynaeceuni and androeciuin 
(nat. size). (After Schimper.) 



Flo. 8S8. —Floral 
of the Irldaceae (Iris). 



Fio. 6B9.— Crocus sfitivus. Style with tripartite stigma. 
(After Baillon.) 


Family 4. Iridaeeae. — Distinguished from Liliaceae by their 
inferior ovary and by the suppression of the inner whorl of the 
androecium (Fig. 838). Cf. the atavistic form Iris pallida^ Lmk. 
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forma abavia Heinr, (p. 559, Fig. 550). The two whorls of the 
perianth are not always similar. Anthers extrorse. The leaves of 
the Iridaceae are always sessile ; the underground portion is a 
tuberous or elongated rhizome, less commonly a bulb. Capsule loculi- 
cidal. This family is mainly represented in the Capo and the 
warmer parts of America. 

Crocus sativuSf Saffron (Fig. 839), is a j»lant which lias long been cultivated in 
the East ; it has a tuberous rhizome and narrow, grass-like leaves. The flowers 
are sterile unless pollinated with pollen of the wild form. The large stigmas 
furnish Saffron. Other species are cultivated as ornamental plants. 7m, leaves 
overlapping in two ranks. The leaf-sheath surrounds the thick fleshy rhizome, 
while the sword -shaped blade stands erect and has its two lateral surfaces alike 
(Fig. 840). Outer perianth segments bent downwards, inner erect. The three 
anthers are roofed over by the three leaf-like styles, which have a small, tiiangular 
stigmatic lobe on their outer sides. In Gladiolus the flowers are dorsi ventral, 
and the dissimilarity of the ))erianth leaves is more marked. 

Family 5. Bromeliaceae. — Mostly epiphytes {e,g. 7’i^/and.vza) ; flowers herma- 
phrodite. Limited to tropical and sub-tropical parts of America. The leaves 
are in rosettes and are typically xeromorphic ; in the forms which grow in the 
soil they are spiny ; such plants have frequently ornithophilous flowers. Ananassa 
saliva is cultivated ; its inflorescence forms the Pineapple. 

Order!. Enantioblastae 

Characterised by the atropous ovules ; the embryo is at the summit of the 
endosperm at the opposite end from the hilum. 

Family. Commelinaceae. Tropical and sub-tropical. Perianth developed as 
calyx and corolla. Commelina^ Tradescantia. The hairs of the stamens afford 
well-known objects for the study of movements of protoplasm and nuclear 
divisions. Hhoeo discolor ; Mexico, in cultivation. 


(6) Flowers more or less reduced 

Order 5. Glumiflorae 

This order consists entirely of annual or perennial plants of grass- 
like habit. It is distributed over the whole surface of the earth. 
A woody stem only appears in the genus Bambusa, The association 
in more or less complex inflorescences of numerous flowers, which lack 
a proper perianth but are enclosed by scaly bracts (glumes), is a 
common character of the order. The perianth is either completely 
wanting or reduced to a series of scales or bristles. The inner whorl 
of stamens is also usually wanting. The superior ovary is always 
unilocular and contains only one ovule; it is formed of three 
(Cyperaceae), two (some Carices), or of a single carpel (Gramineae). 
The large size and feathery and papillose form of the stigmas stand 
in relation to the wind-pollination. Fruits indehiscent. 

Family 1. Cyperaceae.— The Sedges are characterised by their triangular 
stems, which are usually neither swollen at the nodes nor hollow, and by their 




Fta, 840^— /W« germaniea (i nat. size). 
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closed leaf-sheaths. The flowers are either unisexual and then usually mono- 
ecious {Carex) or are hermaphrodite as in the majority of the genera ; ovary formed 
of two or three carpels with an erect, basal, anatropous ovule. Pericarp not 
coherent with the seed-coat ; embryo small, surrounded by the endosperm. 

The genera Cyperus^ Seirpus, and EHophorum have hermaphrodite flowers. 
Fig. 841 represents a plant of Scirpus setaceus, which is an annual, in flower. 
Leaves rigid, channelled above. Fertile shoots with the uppermost internode 
elongated. Spikes 1-3, terminal ; enclosed by imbricating bracts and displaced 



Fwi. 841. — iSeirptMt atUmus. 1, Plant in 
flower ; 2, upper ix^rtion of a flowering 
shoot ; S, single flower ; 4, the same from 
behind ; 5, the same without the bract ; 
6, fruit. (If nat. size, the others x 2-0. 
After Hoffmann.) 



Fio. Mi.—Eriophoru.m a}igu8tifuli'u7ti. J, Inflores- 
cence ; S, a single spikelet ; 3, single flower ; 
4, flower with bract removed ; 5, fruit. (I, 
about nat. size, the others x 3-6. After 
Hoffmann.) 


to one side by the subtending bract, the line of which continues that of 
the stem. Only the large lowermost bracts are sterile, the others have each 
a naked, hermaphrodite flower in their axils. The Cotton-grass {Er'^horum 
anyu$H/t>lium)f which when flowering is inconspicuous, beara at the summit of its 
fertile shoots 3-7 long-stalked erect spikelets with numerous imbricate bracts. 
Around the base of each flower are numerous hairs, which are concealed by the 
projecting stamens and style. When the plant is in fruit the hairs, which have 
become about 3 cm. long, project freely fk’om between the bracts and constitute a 
valuable means of dispersal for the fruits. The white colour of the hairs makes 
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the now pendulous spikelets of tlie Cotton-grass a conspicuous feature of peat-moor 
vegetation (Fig, 842). Cyperu9 papyrus^ in Egypt and Sicily, provided from its 
stems, which are as thick as the thigh, the paper” of the ancient Papyri. 

The genus Carex is for the most part monoecious, and its flowers are naked 
and unisexual. Male spikes simple ; in the axil of each bract is a male flower fonned 
of throe stamens (Big. 843 A). The female spikes bear in the axil of each bract a 
secondary shoot ; the axis of this is included in the tubular subtending bract 
(utriculus) together with the pistil (formed of two or three carpels), which is borne in 
the axil of the bract (B’ig. 843 JJ-JE). 

Family 2. Gramineae — The stems of the true Grasses are 
cylindrical, and have hollow internodes (exceptions Maize and Sugar- 


O mtn O 



Fig. 843.— -A, Floral diagram of a male flower 
of Carex ; R, of a female flower with three 
stigmas ; C, of a female flower with two 
stigmas. D, Diagram of female flower of 
Carex. E, Diagram of the hermaphrodite 
spikelet of ; a, secondary axis; M<r, 
utriculus or bract of the secondary axis. 
(After Eiculer.) 



Pro. 844. — Diagrammatic 
representation of a Grass 
spikelet. g, The glumes ; 
Pi and jM, the inferior 
and superior paies ; e, 
lodicules ; B, flower. The 
axial parts are repre- 
sented as elongated. 


cane) ; the nodes are swollen ; the leaves are two-ranked and their 
sheath is usually split and thickened at the node. At the junction of 
the sheath and leaf-blade a membranous structure (the ligule) projects 
(cf. Fig. 134), The flowers of the Gramineae are grouped in spicate, 
racemose, or paniculate inflorescences, which are always composed 
of partial inflorescences, the spikelets. 

Usually each spikelet bears several flowers. At the base of the spikelet there 
are usually (Fig. 844) a pair of sterile bracts (olumae) ; sometimes there is only 
one or 3-4 glumes. Continuing the two-ranked arrangement of the glumes come 
the fertile subtending bracts (palea inferior), in the axil of each of which stands a 
flower. The subtending bracts are often awned, i.e. they bear, terminally or springing 
from the dorsal surface, a stiff bristle with backwardly directed hairs (the awn). 
The bracteole of each flower is represented by another scale-like bract, the palea 
SUPSHIOK. Above this come two small scales, the LODiduLAE, the distension of 
which assists in opening the flower (fig. 561). Lastly, the axis bears the 
androecium oonsisting of a whorl of three stamens, and the ovary composed of 
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one carpel and bearing two feathery papillose stigmas. The ovary contains an 
anatropous, or slightly campylotropous ovule. 

The flowers do not always show such extreme reduction ; thus the flower of 
Rice (Fig. 850) has a complete androecium ; that of the Bambuseae is similar and 
also has three lodicules, and in Sire'ptoehaeta there is a normal monocotyledonous 
type of flower with all five whorls of members present and three carpels indicated 
in the development of the ovary. The lodicules can on this evidence be regarded 
as corresi)oiiding to the inner whorl of the perianth. Possibly the superior palea 
represents two coherent leaves of the outer whorl. In the gynaeceum there 
remains, as a rule, only a double leaf formed of the two lateral carpels of the three 
originally present. According to this view, which we owe to voN Goebel, the 
diagram in Fig. 845 is arrived at. 

On the wind - pollination of Grasses cf. p. 563. The fruit of the Grasses is 


4X. 





Fio. 846.— 'Diagram of the Grass flower. 
The niUsing parts are dotted; cur, 
end of the axis of the spikelet ; pi, 
palea inferior; ps, palea superior 
(outer perigone) ; i, lodiculae (inner 
perigone) ; outer, inner whorl 
of stamens ; c, lateral carpels ; c', 
dorsal carpel. (After Schuster.) 



Fig. 840.— -Fwittca elatior. A, Spikelet (compare Fig. 844), 
with two open flowers below which the two sterile 
glunie.s are seen ( x 3). B, Ovary seen from the side 
with the stalk of one of the removed stigmas ( x 12). 
C, A single lodicule ( x 12). (After H. Schenck.) 


termed a oabtopsis ; in it the pericarp and seed-coat aro intimately united. The 
embryo lies in contact with the endosperm by means of its cotyledon ; this fonns 
the souTELLUM, and in germination serves as an absorbent organ by means of 
which the reserve-materials in the endosperm are taken up by the seedling 
(Fig. 847). 

The most important economic plants belonging to this order are the Cereals 
(Fig. 848). Wheat, Tritieum (Fig, 848 J?, D). Spikelets single, with two or 
more flowers; glumes broadly ovate (Fig. 849 £), KosiiNvnKB distinguishes as 
species of Wheat — (1) Tr, vulgaref with a number of sub-species (2) Tr. 
poUmicum ; (8) IV. monoeoecum. Rye, Secalt cereale (Figs. 848 A, 840 A ) ; spike- 
lets single, two-flowered ; glumes acute. Barley, Uordtwm vulgare (Fig. 848 C ) ; 
spikelets one^flowered, in groups of three ; in the sub-species H, heascatichnm 
and H* UtrasHckum all the rows of spikelets are fertile, in JT. diBiicAvfn only the 
middle row. Oat, Amm $afiva, Maise, iTea mais. The above are all cultivated 
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in temperate climates, tlie Maize largely in America, the others also in Western 
Asia and the south-east of Europe. In the wild state only Triticum monococcumt 
var. aegilopodiMes (from which TV. monoeoccum is derived), Triticum dicoccoides 
as the original form of Wheat, Secale montauum, and Hordeum spontaneum (allied 
to II, distichum) are known. In these wild forms the spikelets fall from the 
rachis at maturity, a character that would be unsuitable in cultivated forms. 

The most important tropical food-plant of the order is Rice, Oryza sativa (Fig. 
850), which is largely cultivated to the limits of the warmer temj>erale regions, 
and, when sufficient moisture is available, yields an enormous harvest (Fig. 851). 
In Africa several varieties of Millet, Jndropogon Sorghum^ are cultivated, and it 



Fio. 847.— Part of median longitudinal section of a grain of Wheat, showing embryo and scntellum 
(8c) ; vs, vascular bundle of scutellum ; ce, its columnar epithelium ; its ligule ; c, sheathing 
part of the cotyledon; pv, vegetative cone of stem; hypocotyl; I, epiblast ; r, radicle; 
ci, root-sheath ; m, micropyle ; p, fUniculus ; I’p, its vascular bundle ; /, lateral wall of groove ; 
cp, i)ericarp. (x 14.) (After Strasburger.) 


forms the most important cereal for that continent. Panicum miliaceum and 
P, itaHeum^ of Asiatic origin, are still cultivated, though to a diminished extent, 
in the Mediterranean region. The Sugar-cane, Saccharum officmarum^ is another 
important food-plant ; it is a perennial, growing more than six feet high, and 
occurs in tropical Asia. The Sugar-cane is cultivated in all tropical countries, 
and cane-sugar is obtained from the sap expressed from the solid stem. 

Among the most important of our meadow-grasses may be mentioned 
Agrostis alba, Alopecurus pratensis, Anthoxanthum odoratum, Arrhenatherum 
elatiust Avena flavescenst A, puhescens^ Briza mediae Dactylis glomerataf Holcus 
lanatust Lolium ptrcme^ Phleum pratertaey Poa pratenaiay and species of Aira, 
Bromusy CalarmgroatiSy Featuca, Melicay etc. The tropical species of Barndmany 
which grow to the height of trees, are utilised in many ways ; from the stems 
are constrncted houses, walls, flooring, ladders, bridges, cordage, water -vessels, 
cooking utensils, water-pipes, etc., and the plant is indispensable in the countries 
in which it occurs. 

PoisOKOus , — LoUwm UmuUntm/i (Fig. 862) has its fruits, as a rule, infested 
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with fungal hyphae. These fruits owing to the alkaloids they contain are poisonous, 
but fruits free from fungus are harmless (^) ; the plant is an annual, and can be 



Fio. 848.--Cereal8. A, Rye, Secale cereale. By Spelt, Triticim Spelia. C, Two-ranked barley, 
Hordeum vulgare, distichum. D, Wheat, TrUicum milgare. 

distinguished by the absence of sterile shoots from the common Lolium perenne 
and L. muUifltfrvm, It is the only poisonous grass. 

Official. — Amylxjm (starch) is obtained from TrUicum saiivumt Oryza saiiva, 
Zea maiSf etc. ; Agropyron repem yields Aoropyrcm. Saccharum officimrum 
provides saccharum purificatum. 
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(c) Flowers zygomorphic 

Order 6. Scitamineae 

Tropical plants, sometimes of large size, in a few cases arborescent. 
Flowers dorsiventral or asymmetrical. Perianth differentiated into 
calyx and corolla. Androecium greatly reduced ; some of the stamens 



Fio. 851.— Terracwi land in Ceylon for the cultivation of Rice. The water reciuired for the young 
phmtH flows from terrace to teri’ace through gaps in the boundary walls. In the foregiound 
Rananas, and to the right a Cofl’ee }>lantation. In the centre Arcca palms. (From a photograph.) 


represented by starai nodes, and resembling the segments of the 
corolla. Ovary inferior, trilocular. Seeds with perisperm. 

Family 1. Musaceae. — The Banana, Musasapientum (Fig. 863), is one of the most 
important plants of all tropical countries. The apparent, erect steip is formed of 
the closely overlapping, sheathing bases of the large leaves. Inlioresceuce, 
terminal, pendulous, bearing the crowded and mainly parthenocarpic (®®), berry-like 
fruits, if. textilis yields Manila Hemp, liavenala has a woody stem. StrelUzia 
reginae (Fig, 664) from the Cajje is cultivated on account of the- beauty of its 
ornithophilous flowers. 

Family 2. Zingiberaoeae.— Flowers in spikes, which in some cases resemble 

3C 
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capitula. Flower dorsi ventral. Calyx inconapicuous, tubular. Corolla with 
three lobes. The outer whorl of the androecium is wanting or represented by two 
lateral staniinodes (Fig. 854, sstj, sst^. Only the posterior stamen of the inner 
whorl (sO is fertile ; the two others are joined to form the brightly -coloured 



Fio. Sf>2.~Lolium temulenUm. Poisonous. (After H. Bobsnck.) 

petaloid label! um {1). The style lies in the tubular groove between the thecae of 
the stamen. Fruit, a capsule. Most plants of the family belong to tropical Asia. 

Zingiber qficinale^ the Ginger, is an ancient cultivated plant of Southern Asia, 
now cultivated throughout the tropics (Fig. 855). The flattened branched 
rhizome is in contact with the soil by its narrow side. Leaves, two -ranked ; 
main shoot continued by the growth of axillary buds of the lower surface. The 
leafy shoots, in spite of their length, are composed of the sheaths of the large, 
simple, entire leaves, the axis remaining extremely shoVt Only the flowering 
shoots are solid ; they remain shorter and bear scale-leaves with large sheaths 
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but no laminae. Bracts large and, especially at their margins, brightly coloured. 
Flowers, bright yellow, with a conspicuous, violet, and spotted labellum. Mettaria 
Oardamomum and Curmma have the stalks bearing their inflorescences similarly 
provided with scale-leaves. Alpinia and Iledychium^ the latter of which is often 
cultivated, have on the other hand normal leafy shoots bcaiiug the terminal 
inflorescence. 

Official. — Zingiber offijumale^ rhizome yields zingiber. Elettaria Carda- 
momum yields oahdamomi sbmina. 

Family 3. Cannaceae.— Large-leaved herbs; often in cultivation. Flowers 



Fig. 85S.— Aftua tapUntum along with Manihot ntiltssima. Ceylon. 

From a photograph. 

asymmetrical (Fig. 661 C). Only one half stamen fertile {i.e. anther with only one 
theca), the other half being petaloid. 

Family 4. Marantaoaaa. — Large-leaved herbs. Leaves with pulvinus at 
junction of stalk and lamina. Stamen as in preceding order. Arkowroot is 
obtained from Mwanta arwndinacea. 


Order 7. Gynandrae 

Family Orehldaeeae. — Perennial, herbaceoiis plants growing as 
epiphytes or in the ground, with hermaphrodite, zygomorphic flowers. 
Perianth petaloid, the posterior segment of the inner whorl developed 
as a lip or labellum, which frequently bears a spur. 

The labelltim of the Soitamineae being formed of two staminodes is 
entirely diflerent morphologioally. 
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Fxg. B6^,‘^Zingiber offleinale, (J nat. tize. After Bkrq gnd SoBMtDT.) 
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Androecium formed of the three anterior stamens only; the 
middle stamen, belonging to the outer whorl, is fertile ; the other two 
are represented by staminodes. Gynaeceum formed of three carpels, 
syncarpous; ovary inferior, unilocular. Fruit, a capsule. Seeds 
extremely numerous, borne on parietal placentas (Figs. 856, 859). 
The fertile stamen is adherent to the 
stylo and forms with it the column 
or GYNOSTKMIUM ; this projects more 
or less in the centre of the flower. 

The labellum, which serves as an 
alighting place for visiting insects, 
becomes anterior, either by the torsion 
of the whole flower through 180*' or 
by the flower being bent backwards. 

The Orchidaceae attain their higliest diagram (OrcJds). (Modified after Noli..) 
development in tlie trojiics where they 

form an important part of the epijihytic vegetation. Large water-storage tubers 
at the bases of the leaves, or succulence of the whole plant, is found in the epiphytic 
forms. Orchis j Ophrys^ Gymn(uienm^ VlatmUhera with tubers ; EpipaetAs^ Cephalan- 
therdf Listcra with branched rhizomes ; Neottia, the Bird’s-ucst Orcliid, Epipogmi, 




Fi«. 8.08. --R(X)t-sy stern of Orchis lati/oiia. b, 
Flo. 857 . — Orchis miliUtrU. Longitudinal Base of stern ; s, scale-leaf ; f, old, young 

section passing through the old and new tubers ; k, bud ; r, roots. (After H. 

ttilvers. (After Lcf.rsses.) Schknck.) 



CoraUiorrhiza^ Limodorttm almost destitute of chlorophyll. They live saprophyti* 
cally or more correctly as parasites at the expense of their niycorrhiza («*). 
Cypripedium) Ladies’ Slipper, with two lateral fertile stamens of the inner whorl. 

Orchis nUlitariSf which is represented in Figs. 859, 861, will serve as an example 
for more detailed consideration. At the period of flowering a mir of fleshy tubers 
will be found at the base of tho plant, both of which are covered witli > oot hairs. The 
large or brown tuber of more sfrongy texture continues above into the stem which 
terminates in the pyramidal inflorescence ; this stem is surrounded at the base 
by a pair of scale-leaves and the sheaths of the 2-4 elongated, elliptical foliage- 
leaves. The smaller tuber is of firmer consistence and of a white colour ; it bears, 
as is shown in the longitudinal section (Fig. 857), a bud on its summit which 
already shows a pair of scale-leaves. This tuber has arisen as an wUary bud in 

ao2 
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relatiou to one of the first scale-leaves of tlie plant, and with its tuberous, swollen, 
first root has broken through the subtending scale-lpaf (Fig. 861), It is destined 
to replace the parent-plant in the succeeding season. 

In considering the flower, the spiral torsion of the ovary, w^hich brings the 
labellum into the anterior position, must first be recognised. The labellum is 
tripartite and the larger middle segment is bifid at its free end. At the base of 
the labellum a spur is formed by the bulging out of this segment of the perianth ; 
this serves as the nectary, and the opening leading into it is situated just below the 
gynosternium (Fig, 859 B). The latter bears on the side that is turned towards 



Fig, Orchis militaris. A, Flow(;r : 
bract ; b, ovary ; c, the outer, and d, tlie two 
anttirior inner perigone inaves ; e, label- 
lum with the spur/; g, gynosternium; li, 
Flower after removal of all of the perigoiie 
leaves with exception of the upper part of 
the labellum: A, stigma; 2, rostellum; 
tooth-like prolongation of the rostellum ; 
wi, anther ; w, connective ; o, polliniuin ; g, 
viscid disc ; p, staminodiuin. (\ A pollin- 
iurn : r, caudicle ; «, pollen. D, Fruit in 
transverse section. (After Berg and 
Schmidt.) 



Pig. 800. (reduced. After Berq 
and Si’HMiDT ; fVoni Engler and Prantl). A, 
Labellum and gynosternium. jB, Gynosternium 
from the side. 0, Summit of the gynosternium from 
in front. T>, Anther. E, Seed. (Magnified.) 


the lower lip, and to an insect alighting on this, the large stigmatic surface (A) 
corresponding to two confluent stigmatic lobes. The third stigmatic lobe is trans- 
formed into a structure termed the rostellum (/, k) and stands in relation to the 
male organ. The single fertile anther consists of two thecae joined together by the 
connective which appears as the end of the gynosternium. The whole mass of 
pollen of each of the two pollen-sacs is joined together by an interstitial substance 
which continues below to form a stalk ; the whole structure, which has a waxy 
consistence, is called a pollinium, and the stalk goes by the name of the caudicle. 
The oaudicles terminate below in contact with the rostellum which forms tough, 
adhesive discs. This relation to the rostellum serves to keep the pollinia, which , 
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lie free in the pollen-sacs^ in 
position, and the adhesive 
discs attach the pollinia to any 
body that comes in contact 
with them. If an insect 
alights on the lower lip and 
attempts to reach the nectar 
secreted in the spur, its head 
or tongue must touch the 
rostellum and the pollinia will 
become attached to it. As 
the adhesive discs dry they 
cause the pollinia to bond 
forward, so that when the 
insect visits a second flower 
they will be brought in contact 
with the stigmatic surfaces. 

All Orchids are similarly 
adapted to insect visitors, 
though in many the contri- 
vances are far more compli- 
cated ; pollination does not 
take place in the absence of 
the insects (®®). In many 
cases the adaptations are so 
specialised to particular insects 
that no other insect will do 
instead. The instance of Fan- 
ilia (Fig. 860) has already 
been considered. It should be 
mentioned that in some forms, 
e.g. Vanilla^ the pollen remains 
powdery. Many tropical 
Orchids are cultivated in 
greenhouses on account of the 
beauty of their flowers, e,ij, 
Gatileya^ Lmlia^ Vanda, Den- 
drohium, Stanhopea, etc. 


Fossil Anglosperms 

The first undoubted Angio- 
sperms appear in the Upper 
Cretaceous. They are repre- 
sented by numerous species 
which, like the recent forms, 
can be divided into Mono- 
cotyledons and Dicotyledons. 

The Angiosperms of the 
Eocene and the Oligooene can 
be determined with oonsider- 
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able certainty ; even in Northern Europe representatives of existing tropical 
and sub- tropical families occurred, e.g. Palmae, Dramenat Smilax among 
Monocotyledons, numerous Oupuliferae (esp. Querms)^ Lauraceae {CinrHiniomum, 
etc.)> Leguminosae, etc., among Dicotyledons. From the Miocene onwards the 
specific forms are in part identical with those now living, and in the Quaternary 
strata all the remains are of existing species. The general character of the 
Tertiary flora in Europe was, however, very different from that of the present 
day. It had the aspect of the flora of a much warmer region and (as in the case 
of the Qymnosperms) contained forms which now exist only in distant regions. 
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SPERMATOPHYTA, BY G. KAESTEN. 


Transition from Pteridophyta to Speimatophyta. 

1. W. Hoemeistbb, Vergleich. Unters. der. Keim., Entfalt. u. Fruohtbildung 
hoherer Kryptogamen und der Samenbildung der Koniferen, Leipzig 1861. E. 
STBASBUBaBR, Koniferen u. Gnetaceen, Jena 1872. /d., Angiospermen und Gym- 
nospermen, Jena 1879, and the comprehensive works : R. von \\^ttstein, Handb. 
d. system. Botanik, 3. Aufl., Leipzig and Wien 1924. K. Goebel, Organographie 
der Pflanzen, Jena, 2. Aufl. I, and II. 1913, 1918, and III. 1. 1922, III. 2. 1923 
3. Aufl. 1. 1928. J. M. Coulter and Ch. J. Chamberlain, Morphology of Gymno- 
sperms, Chicago 1910. Id,, Morphology of Angiosperms, Chicago 1909. The 
above contain lists of literature, and only fundamental and historically important 
works or those giving more recent data are referred to here. 

2. Overton, Reduktion der Chromosomen, Vierteljahrssohr. d. natur. Ges. 
Zurich 1893. E. Stbasbubobr, Reduktionsteilung, Sitzber. K. Akad. d. Visa!* 
Berlin, vol. 18, 1904. Id., Chromosomenzahlen und Reduktionsteilung. Pringsh! 
Jahrb., vol. 46, 1908. Q. Tisohleb, AUgemeine Pflanzenkaryologie, Berlin 1922. * 


Hoxphology and Ecology of the Flower 

3. Paybb, Organog4nie de la fleur 1867. Baillon, Histoire des plantes vols. 
1-13, 1867-1894. Eiohleb, Blutendiagramme, vols. 1-2, Leipzig 1876 and 1878 
A. Enolbr and Pbantl, Naturl. Pflanzenfamilien, vols. 2-4, ab 1889. Id, Das 
Pflanzenreich, from 1900. Bebo and Sohmidt, Atlas der offizinellen Pflanzen 1863 
and 2. Aufl. by A. Mbyeb and Schumann, 1891-1902, and the literature cited 
under 1. 

4. I am indebted for this to my colleague Heinriohkr. Cf. E. Heineioheb 

Iris pallida Lam., abavia, Biol. Z^ntralbl. XVI. 13. 1896. ' 

5. Chb. K. Spbenobl, Das entdeckte Geheimnis der Natur 1793 (Ostwalds 
Klassiker, Nr. 48-61). Ch. Dabwin, Ges. Werke, Ubersetzung von Cabus vols 
9, 10, 1877. E. Webth, Uber die Bestftubung von Viscum und Loranthus und die 
Frage der Primitivit&t der Windblutigkeit wie die PoUenblumen bei den Angio- 
spermen, II. Ber. d. deutsoh. bot. Ges. 1923, p, 167. Hbbm. MiJlleb, The FerlSis. 
ation of Flowers by Insects, 1883 (1876), etc. Knuth, Handbook of Flower Pol- 
lination 1906 (1898). 0. Kibohneb, Blumen und Insel^n, Leipzig 1911. 

6. C. Hess, Exper. Unters. uber den angeblichen Farbensmn der Bienen 

Zoolog. Jahrb., vol, 34, 1913. Id,, Mdnoh. med, Woohenschr. 1914, Nr 27 Id * 
Arch. f. d. ges. Phvsiol., vol, 163, 1916. Id,, ibid,, vol, 170, 1918. A. KOhn and 
R. PoHL, Dressurf&higkeit der Bienen aul Spektrallinien. Die Naturwiss. vol. 9 
1921, 738. 

7. K . VON Fbisoh, Der Farbensinn und Pormensinn der Biene, Zoolog. Jahrb. 

vol. 36, 1914. Id,p Uber den Geruchssinn der Biene, Zoolog. Jahrb., vol. 37 1919* 
Id,p Zur Streitfrage nach dem Farbensinn der Bienen, Biol. Zentralbl., vol.’ 39 3* 
1919. Id,, uber die Spraohe der Bienen, Zoolog. Jahrb., vol. 1923. ’ * 

8. Fb. Knoll, Insekten und Blumen. Exper. Arb, zur Vuitiefung unserer 
Keuntnisse flber die Wechselbeziehungen zwisohen Pflatuseii u. T^n Abk 

Wi^ vol. 12, 10 Trf., M Kg;. 1927. Id., Der mernnich im 
Di«ute dM BUtenOkologie, Ber. d. denteoh. bot. Ges. Gnietsliwf. 1922. Id., tber 
Abendschirlnner usd Sobwlmteiblameii. Ber. d. denteoh. bot. Ges 1927 n 610 
Zb. ScBMOonn, B«itr. iw Biologie n. Pbyeiolosie roa Arum nmcedetuin Kon' 
nab. 110-119, 1926, p, 460. • * « -. 

4 . Grtro FOMoa, Vogelblaiimrtudieii, I. Jalirb. L w . Sot ,, toI. 68. 1924 
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li,, Biologia generalis, voL 2, 1926. Bailay, Pollination of Marogravia, Am. 
Journ. of bot., vol. 9, 1922, p. 371, 

9a. G. Tischlbe, Das Heterostylie-Problem, Biol. ZentralbL, vol. 38, 1918, p. 1 1 , 
hythmai Salicaria mit Beziehung auf das lUegimit&tsproblem in Festschrift 
Syahl, Flora 1918. Id,, Festschrtft Hohbnheim 1918, p. 254. 

10. K. Goebel, Kleistogame Bliiten, Biol. ZentralbL, vol, 24, 1904. H. 
Ritzebow, Flora 1907. F. Kibchneb, Isnardia, Flora in Festschrift Stahl 
1918. H. Cammbelohbr, Kleistopetalie bei Aristolochia arborea, Ber. d. deutsoh. 
bot. Ges., vol. 40, 1923. 

Development of the Sexual Generation. 

11. Of. literature under 1, further : Sakuqobo Hiras6, Ginkgo biloba, Journ. 
of the college of science, Univ. imp. Tokio, vol. 8, 1896, and vol. 12, 1898. Jeffrey 
and Tobbey, Ginkgo, Bot. Gaz., vol. 62, 1916. Stefanie Hebzfbld, Beitr. zur 
Kenntnis von Ginkgo, Jahrb. f. wiss. Bot., vol. 66, 1927, p. 814. S. Ikeno, Oycas 
revoluta, Jahrb. f. wiss. Bot., vol. 27, 1898. H, J. Webber, Spermatogenesis and 
fecundation of Zamia. U.S. Dep. of agricult., Washington, 1901. Ch. J. Chamber* 
LAIN, Fertilization and Embryogeny in Dioon edule, Bot. Gaz., vol. 60, 1910. 
Id., Stangeria paradoxa, Bot. Gaz., vol. 61, 1916, p. 363. P. J. Sedgwick, Life 
history of Encephalartos. Bot. Gaz., vol. 77, 1924. L. G. Reynolds, Female 
gametophyte of Microcycas, Bot. Gaz., vol. 77, 1924. 

12. C^. literature cited under 1 : A. H. Hutchinson, Fertilization in Abies 
balsamea, Bot. Gaz., vol, 60, p, 457, 6 Taf. 1916. Lancelot Burunghame, 
Araucaria brasiliensis, Bot. Gaz., vol. 65, 1913 ; vol. 57, 1914 ; vol. 69, 1916. 
A. Duplbr, Taxus canadensis, Bot. Gaz., vol. 64, 1917, p. 116; vol. 68, 1919, 
p. 345 ; vol. 69, 1920, p. 492. J. Buchholz, Suspensor and early embryo of Pinus, 
Bot. Gaz., vol, 66, 1918, p. 185. Id,, Polyembryony among Abietineae, ibidem, 
Febr. 1920. 

13. W. J. G. Land, Ephedra trifurca, Bot. Gaz., vol. 38, 1907, and ibidem, 
vol. 44, 1907. Id,, Veget. Reproduction in an Ephedra, ibidem, vol. 66, 1913. 
J. M, Coulter, Gnetum Gnemon, Bot. Gaz., vol. 46, 1908. 0. PoRSCH, Ephedra 
oam^lopoda ontomophil, Ber. d. deutsch. bot. Ges., vol. 28, 1910. id., Nektar 
von Ephedra, ibidem, vol. 34, 1916. O. Lionibb et A. Tison, Les Gn^tales sont 
des Angiosperms ap4tales, Compt. rend. 1911. Id., Les Gn^tales, Ann. d. sc. 
IX, S6r. XVI. M. G. Thoday (Sykes), Gnetum africanum, Ann. of Bot., vol. 
26, 1911. Pearson, Microspore of Gnetum, Ann. of Bot., vol. 26, 1912. Id,, 
Welwitsohia mirabilia, Phil. Transact. R. aoc. 193. 1906, and 200, 1909. Steph. 
Hebzfbld, Ephedra oampylopoda, Denkschrift Akad. d. Wiss. Wien, vol. 98, 
1922, cf. 19o. 

14. Literature under 1, further : F. Hebrio, Spermazellen im PoUenschlauch 
der Angiospermen, Ber. d. deutsch. bot. Ges., vol. 37, 1919, p. 466. Rob. B. 
Wylie, Sperms of Vahsneria spiralis, Bot. Gaz,, vol. 76, 1923. W. W. Finn, 
Spermazellen bei Vinoetoxioum nigrum und V. officinale, Ber. d, deuteoh. bot. 
Ges., p. 133, 1926. W, Ruhland and K. Wetzel, Der Nachweis von Chloroplasten 
in den generativen Zellen der Pollensohlauche, ^r. d. deutsch. hot. Ges,, voL 42, 
1924. 

16. M. Treub, Casuarina, Ann. Buitenzorg, vol. 10, 1891. S. Nawasohxn, 
LiUum Martagon., Bull. acad. imp. St. P^tersbourg 1898. E. Stbasbubgeb, 
Doppelte Befruchtung, Bot. Ztg. II. Abt. 1900. S. Nawaschin, Birke, M6m. acad, 
imp. St, P^tersbourg, 7. Ser., vol. 42, Nr. 12, 1894. Id,, Ulme, Bull, de Pacad. 
imp. d. so. de St. P^tersbourg, S6r. V, vol. 8, Nr. 6, 1898. Id., Corylus, ibidem, 
vol. 10, Nr. 4, 1899. Id,, Entw. d, Chalazogamen, M^m. acad. usw., 8. S4r., vol, 31, 
Nr. 9, 1913. M. Benson, Amentiferae, Transact. lAnn. Soo. 2. S4r. Bot., vol. 3, 
pt. 10, 1894. F. A. F. C. Went, Podostemaoe^ I. and II., Verb. K* Akad y. 
Wetensch., Amsterdam 1910-12. Id., Development of Pddostemaoeae, Extr., du 
reoueil des travaux bot. N4erlandais, vol. 6, 1908. W. Magnus, AtJ^ohe Ehnbryo- 
saekentw. der Podostemaceen, Flora, vol. 106, 1913. 0. DahlgI^, uier das 
Vorkommen Vos^ Stftrke in den Embryos&oken der Angiospermen, Ber. d. di^tecji. 
bot. €k>s« 1927, p; 374. Jd., Die B^ruohtungserschemungen der Ansdosperman. 
HerecUtas, vol. 10, 1927. P. N. SohOehoff and Fbzv J. JOssElt, Nwbmrpoly, 
embxyoi^ bei SpathiphyBum Patinii (Hogg) N. E. Br. Ber. d, deutsoh. bot. 
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p. 454, 1925« A. E. Shadowsky, t)ber Entwicklung des Embryosackes bei Pan- , 
cratium maritimum, Bar. d. deutsch. bot. p. 361, 1925. 

15a. Kabl Sohkabf, Embryologie der Angioi^rmen (Linsbauer Handb. X-2) 
1927-28, K. Gobbbl, InOrganographielll, andR.v. WBTTSTBiN,Handb.,3. Atafl., 
give details as to atypical developments of the embryo-sac and further literature. 
The same holds for F. L. Rutgebs, The Female gametophyte of Angio^rms. 

E. J. Brill, Leyden 1923. B. Sohobnebbok, Die Antipodenvermehrung der Typha- 
oeen, Ber. d. deutsch. bot. Ges., vol. 45, 1924. Abthxje Hakabson, Der 16 kemige 
Bmbryosack von Azorella bifurcata, Ber. d. deutsch. bot. Ges. ] 927, p. 664. Ed. 
Quisumbino and J. Juliano, Developm. of ovule and embryosac of Cocos. Bot. 
Gaz., vol. 84, 1927. A. Radermaoheb, Gametophyten of Nipa, etc., Ann. de 
Buitenzorg, vol. 35, 1926. Ethel Stiflbr, Developm. embryosac in Qasteria, 
Cyrthantus, and Veltheimia, Bot. Gaz., vol. 79, 1925. 

16. J. Hanstbin, Entwicklung des Keimes, Bot. Abhandl., vol. 1, 1870. J. 
Gaertnbr, Do fructibus et seminibus plantarum, vols. 1, 2, Stuttgart 1789-91. 

A. P. DE Candolle, Pflanzenphysiologie, German Trans, by Roepbr, vol. 2, 
p. 212. 0. Dahlgren, Zur Embryologie der Kompositen, insbesondere der Endo- 
spermbildung, Ztschr. f. Bot., vol. 12, 1920, p. 481. Fr. Netolitzky, Angio- 
spermen-Samen, in Linsbauers Handb., vol. 10, 1926. 

16a. G. Baucka-Iwanowska, Contrib. a P^tude du sac embryonaire chez 
certains Gamopetales, Flora 86, 1899. 

17. E. Strasburger, Chromosomenzahlen, Vererbungstr&ger, etc., Pringsh. 
Jahrb., vol. 45, 1908. Id., Apogamie, Pai‘thonogenesis und Keduktionsteilung, 
Histolog. Beitr., vol. 7, 1909. Hans Winkler, Parthenogenese u. Apogamie, 
ProCT. rei bot., vol. 2, 1908. C. H. Ostbnpbld and 0. Rosenberg, Hieracia, III. 
0. Rosenberg, Apogamy in Hieracium, Bot. Tidsskr., vol. 28, 1907. A. Ernst, 
Bastardierung als Ursache der Apogamie, Jena, G. Fischer, 1918. H. Winkler, 
Verbreitung und Ursache dor Parthenogenesis im Pflanzen- und Tierreiche, Jena 
1920. R. Wettstbin, Fakultative Parthenogenesis beim Hopfen, Flora, vols. 118- 
119, 1926, p. 660. 

17a. G. Habeblandt, Experiment. Erzeugung von Aventivembryonen b. 
(Enothera. Sitzber. Ak. Berlin 40, 1921, and ibidem 26, 1921. 

176. F. Hildebrandt, Verbreitungsmittel der Pflanzen 1873. A. F. W. 
SoHiMPER, Pflanzengeographie, Jena 1898. W. Schmidt, Verbreitung von Samen- 
und Blutenstaub durch die Luftbewegung. Osterr. Bot. Ztschr., vol. 67, 1918, 
p. 313. Doctors van Lebxjwen, K1. Beitr. zur Kenntnis der endozoischen Ver- 
breitung einiger Hochgebirgspflanzen in Java, Flora, vols. 118-119, 1926, p. 81. 
Rutger Sebnandeb, Myrmekochoren, Kg. Svensk. Vetensk. Handl., vol. 41, 1906* 

F. Morton, Ameiaen, etc., Mitt. Naturw. Ver. Univ. Wien 1912. 

18. G. Klebs, Keimung, Unters. bot. Inst. Tubingen, vol. 1, p. 636. J. 
Lubbock, Seedlings, vols. 1, 2, 1892. E. Theune, Biologie geokarper Pflanzen. 
F. Cohns, Beitr., vol. 13, 1916. 

Qynmospennae. 

19. Literature under 1, 11, 12, and 13 also ; K. Goebel, PoUenentleerung, 
Flora, E^zbd. 1902, p. 237. 

19a. G. Kabsten, Gnetum, Cohns Beitr. VI. 1893. P. Thompson, Gnetum, 
Am. Journ. of Bot., 3. 1916. 

20. H. D. Scott, Palaeozoic botany in Progressus rei bot., vol. 1, Jena 1907, 
includes the older literature. G. R. Wieland, American fossil Cycads, 1906, 
Carnegie Inst. Washin^n. F. W. Oliver, Physostoma elegans, Ann. of bot., 
vol. 23, 1909. Id,t and E. J. Salisbury, Palaeozoic Seeds of the Conostoma group, 
Ann. of bot., vol. 26, 1911. D. H. Scott, The evolution oij)lant8, 1911, London, 
Fernand Peloubde, Les progrds r4alis4B dans P^tude des ^cadophytes de 
r^poque secondaire. Progressus rei botanicae, vol. 6, 2. 1916, H. Poroi^iA and 
W. Gothan, Lehrb. d. Palftobotanik, 2. Aufl, 1921. W. Gothan, Neuete Arten d. 
Braunkohlenunters. ** Braunkohle XX. H. 27, 247, 1921, and XXI. H. 22, 1922. 

B. PoTQNit, Braunkohle XXI. H. 3-4, 1922. D. H. Soott, Notes on _palaeozoio 
ftjtany, 1907-1927, Raoueil des trav. bot. n^erl., voL XXVa, de VsiES-Festsohr^ 
16. 11. 1928. GoLDRiNd-WxNXPRED, 1924, The upp^ Bevosuian forest of Seed 
Ferns in Eastm Now York, N. Y. Moam BuB. 261. KjauSEi4 and Weyland, 
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1926, Beitr, zur Kemitnis der Devonflora, III. Abt., Senckenberg. Naturf. Ges., 
vol. 40, Frankfurt. W. H. Lang, 1925, the Contr. to Study rf the Old Red 
Sandstone flora of Scotland: Trans, of the Royal Soo, of Edinburgh, vol. LIV, 
1926, 1-V. 

Angioq»ennae Bikofylae. 

21. E. A. Nbwbll Abbbb, Origin of Angiospern's, Joum. Linn. Soo,, vol. 38, 
1907, p. 263. Mez and Gohleb, Physiologisch'systematische Untersuohungen 
hber die Verwandtsohaften der Angiospermen, Cohns Boitr., vol. 12, 1913. Mez 
and Lanob, Ranales, ibidem, vol. 12, 1913. Mez and Pbbuss, Parietales, ibidem, 
vol. 12, 1914. Mez and Kikstbin, Gymnospermen, ibidem, vol. 14, 1920. Also 
numerous papers in Bot. Arch., vols. 1-10, 1920-26. Further works on Sero- 
diagnotio are collected in the lists of publications by Fedde. H. Ziegenseboe, 
Bot. Arch., 17, 1927. 

22. R. V, Wettstein, Sammelref. Die Bedeutung der sero-dia^ostischen 
Methode fiir die phylogenetisch-systematische Forschung. Ztschr. f. Indukt.- 
Abst.-lehre, vol. 36, Heft 3-4, 1926. E. Stoixby, Die Psilophyten, Geolog. Verein 
Hannover 1926. Id., Zur Kritik der Konigsber^er Serodiagnostik, ibidem, 1926. 
Id., Das Ende der Konigsberger Serodiagnostik, ibidem, 1927. E. Gao and P. N. 
Soi^BHOFF, Erfahrungen iiber die Brauchbarkeit der Serodiagnostik fur die 
botanische Verwandtschaftsforschung, Ber. d. deutsch. bot. Ges., vol. 46, 1927. 
J. Boebkee and B. Hblwio, Beitr. zur serolog. Systematik der I^anzen, Biblio- 
theca botanica, vol. 94, 1927. Walteb Nay, Serodiagnost. Verwandtschafts- 
forsohungen innerhalb der Rosales, Myrtiflorae u. Umbelliflorae, Cohns Beitr., 
vol. 16, 2. 1927. H. G. Zabnack, Beitr. fiber die Brauchbarkeit der Serodiagnostik 
fflr die botan. Verwandtschaftsforschungen, Ranales, ibidem, 1927. Haknig and 
Slatmann, Phytoserolog. Untersuch. I., Planta, vol. 6, 1. 1928. 

23. Literature 1 and 3, further ; S. Mubbbck, Verhalten des Pollenschlauches 
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Thalloph3rta 

0 Olaviceps purpurea, 448, *450 
+ Boletus Sataiias, *460 
+ Amanita muscaria, *462 
4- Amanita phalloides, *462 
+ Amanita mappa, 462 
4- Amanita verna, 462 
4- Scleroderma vulgare, *463 

Pteridophyta 

4* Eqnisetum, *616, *517, *618 
O Dryopteris (Aspidium) filix mas, *502, 
*627, *629, 630 

4- Pteridium aquilinuni, *96, *603, *504, 
528 

OymnoBpennae 

4- Taxus baccata, *606, *607, 614 
O Junipenis communis, *608, 614 
+ Juniperus sabina, 614 
O Juniperus oxycedrus, 614 
O Abies balsamea, 614 
O Abies sibirica, 614 
O Pinus, sptcies of, *612, 614 

Polyoarpioae 

Sub*OFder 1« BCaguoliales 
O nUcium vernin, 624 
<4 lllicim iwltgiosttiu, 624 


( ) Myristica fragrans, *624 
C) Ciunamomum Camphora, 626 
C) Cinuamomum Zeylatiicum, 626 
O Cinuamomum Oliveri, 626 
O Aristolocbia serpentaria, 626 
O Aristolocbia reticulata, 628 

HamameUdales 

O Liquidambar orientalis, 626 
O Hamamelis virginiana, 626 

Controspemae 

4 Agrostemma Githago, 627, *629 
4- Saponaria officinalis, 627, *628 
4- Anbaloniuro, species of, 630 

Polygonalei 

O Rheum, species of, *631 

Piperales 

O Piper Betle, ‘<632 
O Piper cubebsi 632, *683 
O Piper methysticuiD, 682 

Saaialalof 

O Santaltttn album, 682 
4 ’ Viaoum albvm, *688 
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Urticales 

O Cannabis saliva, 637 

Salieales. 

Saliz, species of, *637, 639 
Populus, species of, 637, 639 

Fagalea 

O Quercus infectoria, 648 
O lietula lenta, 643 

Polycarpicae 

8ub-order 2, Ran ales 

O Podophyllum peltatuiii, *645 
O Podophyllum emodi, 646 
O Berberis aristata, 645 
O Yateorrhiza Colnmba, 645 
+ Rauunctilus sceleratus, *647, *648 
+ Ranunculus arvensis, *647 
+ Caltha palustris, 647, *650 
f Anemone pulsatilla, 647, *649 
+ Anemone nemorosa, 647 
4* Clematis, species of, 647 
+ Helleborns, species of, 647 
© Aconitum Napellus, 660, *661 
■f Aconitum lycoctonum, and other species, 
660 

O Hydrastis canadensis, 650 
© Delphinium staphisagria, 650 

Bhoeadales 

O Papaver somniferum, 663 
O Papaver Rhoeas, *652, 653 
O Cochlearia Annoracia, 655 
O Brassica ni^rot *665 

Bosalea 

O Rosa gallica, 663 
O Rosa damascena, 663 
O Primus amygdalus, 663 
O Pninus serotina, 663 
© Prunus Laurocerasus, 663 
O Brayera anthelinintica, *661, 663 
© Quillaja Saponaria, *660, 663 

Legozainosae 

O Acacia Senegal, 666 
O Acacia Arabica, 666 
O Acacia Catechu, *664, 667 
O Acacia decurrens, 667 
O Cassia angustifolia, *665, 668 
O Cassia acutifolia, 669 
O Cassia Fistula, 669 
O Copaifera Langsdorfii, 669 
O Tamarindus indica, *666, *667, 669 
O Haematoxylou campeehianum, 669 
O Krameria triandza, *667» 669 


O Caesalpinia sappan, 669 
4- Laburnum viilgare, 671 
4- Ooronilla varia, 671 
4- Wistaria sinensis, 671 
O Astragalus gummifer, *670, 671 
C) Glycyrrhiza glabra, 671 
Spartium scoparium, 671 
C ) Andira Araroba, 671 
(J) Pterocarpus santalinus, 671 
O Pterocarpus Marsupium, 671 
C) Myroxylon toluifera, 671 
cS Myroxylon Pereirae, *668, *669, 671 
(“) Butea Irondosa, 671 
() Physostigma venenosum, 671 
O Arachis hypogaea, 671 

Myrtales 

© Daphne 671, *672 
O Eugenia Carj'ophyllata, 673, *674 
C) Melaleuca Leucadendron, 673 
C) Eucalyptus globulus, 673 

Euphorbiales 

(Tricoccae) 

4- Mercurialis annua, *676 
4- Euphorbia, species of, 676, *677 
O Croton Eleuteria, 678 
O Croton I’iglium, 678 
O Riciniis communis, *678 

Colunmiferae 

O Oossypium, species of, *680 
O Theobroraa Cacao, 681, *682 

Orninalei 

O Limim usitatissimum, 683, *684 
O Erythroxylon Coca, 683 
( ) Guiacum officinale, 683 
O Guiacum sanctum, 683 
O Citrus Aurantium, var, Bigaradia, 684 
O Citrus medica, var, limonum, 684 
O Aegle Marmelos, 684 
O Barosma betulina, 686 
O Pilocarpus microphyllus, 685 
O Picraena excelsa, 686 
O Commiphora Myrrha, 685 
O Polygala Senega, 685 
4- Rhus toxicodendron, 686 
O Euonymus atropurpureus, 686 

Ehamfialas 

O Rhamnus Purshianus, 688 

Dmbellillorae 

+ Hedera helix, 689 
4- Conium maculatum, *694 
O Ferula foetida, 695 
O Dorema Ammouiacum, 695 
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O Pimpinella Auisutn, 696 
O Coriandruni sativum, 696 
O Foeniculum vulgare 695 
O Carum carvi, *691, 695 
O Carum copticum, 695 
O Anethum (Peucedauum) graveoleus, 
696 

+ Cicuta virosa, *692 
+ Sium latifolium, 698 
+ Oenaiithe fistulosa, 693 
+ Aethusa cynapium, *693 
+ Berula angustifolia, 698 

Primulales 

+ Cyclamen europaeum, *696 
+ Anagallis arvenais, *695, 696 
-f Primula obconica, 696 
+ Oorthusa matthioli, 696 

Bicornes 

O Arctostaphylos Uva*ursi, *697 
'f- Rhododendron, 697 
+ Ledum, 697 

Diospyrales 

O Styrax Benzoin, 697 

Contortae 

O Olea europaea, *699 
® Strychnos nux-vomica, 699, *700 
O Gelsemium nitidum, 699 
O Gentiana lutea, 699, *701 
O Swertia chirata, 699 
4- Menyanthes trifoliata, 699 
O Strophantbus koralw, 700 
O Alstonia scholaris, 700 
+ Nerium oleander, 700, *702 
+ Vincetoxicum officinale, 701, *704 

Tubiflorae 

O Tpomoea (Exogonium) purga, *704 
O Ipomoea hederacea, 704 
O Ipomoea orizabensis, 704 
O Ipomoea turpethum, 704 
O Convolvulus Scammonia, 704 
O Rosmarinus officinalis, 706 
O Lavandula vera, 706, *706 
C3 Mentha piperita, 706 
O Mentha viridis, 706 
O Mentha arvensis, 706 
O Thymus vulgaris, 706 
O Monarda punctata, 706 

PanonatM 

•f Niootiana tabacum, 707, *711 
+ Lycopersicum esctileptum, 707 
•f Bolanum dttleaiw»» 707, *708 


+ Solanum tuberosum, 707 
+ Solanum nigrum, 707 
O Capsicum minimum, 708 
® Atropa Belladonna, 708, *709 
© Datura Stramonium, 708, *710 
O Datura fastuosa, 708 
O Datura Met el, 708 
© Hyoscyamus niger, 708, *712 
© Digitalis purpurea, 710, *713 
O Picrorhiza kurroa, 710 
O Plantago ovata, 710 

Bubiales 

O Cinchona succinibra, 714, *715, *716 
O Cragoga Ipecacuanha, 716 
O Coffea arabica, 715, *717 
O Viburnum prunifolium, 715 
O Valeriana officinalis, 716 
O Valeriana Wallichii, 716 

Synandrae 

O Citrullus Colocynthis, 718, *719 
O Cucurbita maxima, 71 8 
O Lobelia inflata, *720, 721 
O Anacyclus Pyrethrum, 728 
O Artemisia raaritima, 728 
O Authemis nobilis, 728 
O Taraxacum officinale, 728 
O Arnica montana, *727, 728 
O Grindelia caraporiim, 728 

Spadiciflorae 

+ Arum maculatum, 734, *737 
-f Calla palustris, 734 

Liliifloraa 

© Colchicum autumnale, 738, *739, 742 
+ Schoenocaulou officinale, 738 
O Aloe, species of, *741, *742 
O Urginea Scilla, 742 
O Urginea indica, 742 
+ Paris quadrifolia, 742, *743 
+ Veratrum album, 738, 742 
+ Convallaria majalis, 741 

Olumiflorae 

+ Lolium temulentum, 750, *754 
O Triticum sativum, 751 
O Oryza sativa, 761, *752 
O Zea raais, 761 ' 

O Agropyrum re)>»n8, 751 
O Saccharum officinamm, 751 

Soitaminaae 

O Zingiber officinale^ 765, *766. 

O Elettaria oardamomum, 755 
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AbieSf *610, 611, 614 ; fertilisation, 679 
Abietmeae, 609 
Absciss layer, 115, 154 
AhsuikLy 440 

Acacia, *663, *664, 666; pliyllodes, *162; 

seedling of, *114 
Accessory buds, 118 
Acer, *688 
Aceraccae, 686 
Acetahularia, 402, *403 
Achillea, 726; gynaeceum *556 
Achlya, *436 

Aconitum, *646, 650, *661 ; gynaeceum, 
*666 

Acorns, 734, *736; flower of, *663 
Acropetal, 73 
Actaea, 650 
Actinomorphic, 69 
Actinomorpbic flowers, 669, *561 
Actinomyces, 879 
Actinomycetes, 379 
Adaptations, 155 ; origin of, 192, 196 
Adders’ Tongue, Ophioglossum 
Adonis, *646 
Adventitious shoots, 118 
Aecidiospore, 466 
Aecidium, *467 
Aegle, 684 

Aerenchyma, 46, 157 
Aerial roots, 174 
Aerotropism, 865 
AescsUus, 686 
Aestivation, 83 
Aethusa, *693 
Agaricaoeae, 461 
AgoJthis, 609, 610 
Agave^ 742, 743 
Agkmonia, 414 
AgHmonia, 661 
Agrosteimna, 627, *629 
Agrositis, 750 
Atm, 760 
Ai]H>aceae, 628 
AjitgiXf 705 


Akrogynae, 492 
Albugo, 436, *437 
Albuminous substances, 254 
Alchemilla, 661 ; flower in longitudinal 
section, *558 

Alcoholic fermentation, 271 
Alder, Alnus 
Alectornlophus, 710 
Aleurone grains, 29 
Algae, survey of the, 427 
Algal Fungi, Pbycomycetes 
Alisma, 780 ; embryo of, *590 
AUsmataceae, 730 
Alkaloids, 27 
Alkanet, Anchusa 
Allium, 738 
Allogamy, 569 

Alnus, *566, *639, 640, 641 ; root- 
nodules, 260 

Alo€, *741, *742 ; epidermis of, *160 
Alopecurus, 750 
Alpine plants, 160, 286 
Alpinia, 756 

AhophUa, 525 ; sporangium, *529 
Alstonia, 700 

Alternation of generations, 191 ; scheme 
of, 652 

Althaea, *679 
AmanUa, 461, *462 
Amaryllidaceae, 742 
Amidase, 255 
Amides, 27 
Amitotic division, 23 
Amoeboid movements, 328 
Ampelopsis, 688, *690 
Amphibious plants, 289 
AnidHiena, 882 
Anacardioceae, 689 
Anacyeilus, 727 
Anagdllis, *695, 696 
Anakrogynae, 492 
Analogous,' 9 
Anamssat 745 
Anaphase, 22 
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AwAsUiticoL^ 655 I 

JncAusa, 704 

Andreaea, *494, 496 ! 

AndreaealeH, 496 

Androecium, 554 

Androvieda, 697 

Andrcfp<^onf 750 

Jnmitit sporangium, *529 

Anemmef 647, *649 

Auemophilous plants, 563 

Anel/tunit 693 

Anev/rophyton^ 616 

Anghpteris^ 525 

Angiospermae, 618 ; derivation from 
Gymnospennae, 618 

Angiosperms, flowers of, 553 ; macrospores, 
584 ; mirrospores, 582 ; phylogenetic 
relations of, 622 
Anhalonivirif 680 
Anisophylly, 113, 114 
Annual rings, 144, 145 
AnnuUiria^ *519 
Annulus of sporangium, 336 
Anonaceae, 624 
Antemuiria, 726 
Anthemis^ 726 
Anther, *549, 554 
Antheridial cell, 550 
Antheridium, *187, *189 
Anthoeeros^ *486 
Anthoeerotales, 485 
Anthoclore, 27 
Anthocyanins, 27 
Anthophaeine, 28 
AnOwmnihmn^ 750 

Anthriscus^ 694 ; protandrous flower of, 
*570 

AniHwrwm, 733 
AnthyllU^ 670 
Anticlinal cell-walls, 45, 292 
Antipodal cells, 585 
Antirrhinum^ 708 
Apical cell, 75 
Apium, 693 

Apocarpous gynaeceum, 555 
Apocynaceae, 699 

Apogamy, 590 ; generative, 590 ; somatic, 
590 

Apophysis, 497 
Aposp^, 192, 690 
Apple, Pyrua mdm 
Apposition, 33 
Aquifoliaceae, 685 
AquilegiOi *646, 660 
Araceae, 788, *785 
Arachi$f 670 
Araliaceae, 689 

Arauctma, 609, 610 ; pollen-grain of *677 
Arohang^HcOt 693 
Arcbegoninm, *189 
Arohesporium, 482 


Archidiutrif 497 
Archiniycetes, 482 
Arctostaphylosy *697 
Arcyria, ^42,7 
Artcdy 733 
Armgay 733 
Argeinone^ 653 
Arillus, 593, *595 
Ariopais, 734 

Ariatolockia, 626 ; pollination of, *672 ; 
transverse section of stem, *91, *136, 
*137 

Aristolochiaceae, 626 

Armeria, ovary, *567 

Armillaria, *456, *458 

Amicuy *721, *722, 724, *727, 728 

Aromatic, 27 

A rrhenatheruw ,750 

Artemiaiat *725, 727 

Artichoke, Cynani 

Artvcarpufiy 636 

Arum, 734 ; pollination, 567 

Arum maculatvm, *737 

Asclepiadaceae, 701 

Asclepias^ *704 

AscvhohtSy 446, 449 

Ascolichenes, 477 

Ascomycetes, 442 ; aflinities of, 455 ; 

life-bihtory of, 455 ; survey of the, 454 
Ascospore, development of, *26 
Asciis, 442 ; development of the, 446 
Ash, Fraxinus 

Ash, 208 ; constituents of, 209 
Asparagoideae, 741 
AfpnraguSy 741 

AapergiUus, 446,*447; conidio8poreof,*185 
Asp^rulfiy 710 

Aapleniumy development of the sporangium, 
*605 

Assimilates, transformation of, 251 ; trans- 
location of, 251 

Assimilation of carbon dioxide, 240 ; pro* 
ducts of, 246 ; of metals, 260 ; of 
nitrogen, 248 ; of pho8i>horic acid, 
250 ; of sulphuric acid, 250 
Assimilation starch, 30, 246 
Assimilatory parenchyma, 46 
Aatery 726 

Aaterocalamitesy *619 
Aateroxylony *506 
AatragaluSy *670 
Asymmetrical flowers, 659, *561 
Atavism, 194 
Atriplexy 628 
Atropay 707, *709 
Aubrietidy 655 
At^ri^^na, 464 
Auriculariales, 460 
Autoecioiis Uredineae, 469 
Autogamy, 569 ' 

Autonomic movements of curvature, 897 
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Autonomy of characters, 320 
Autotrophic oormophytes, 156 
Autotropiem, 343, 359 
Autumn Crocus, Oolchicvm autumnale 
Autumn wood, 145 
Aiixanometer, 279, *280 
Auxospores, 390, *392 
Auxozygotes, 392, *394 
Avena, 749, 760 
Avicennia^ 705 

Avocado Pear, Persea ijratismna 
Axillary buds, 117 
Axillary shoots, 117 
Azolla, 531, 634 
Azotohacter^ 259 

Bacillaceae, 378 
Jiacillusy *374, *376, 378 
JiacUlua radickvla, 259, 378 
Bacillus mbtUis^ 375, *376 
Bacilhis tumefaciem^ 377 
Back* crossing, 321 

Bacteria, 373 ; classification of, 377 ; 
nutrition of, 376 ; relationships of, 
380 ; spores of, 376 
Bacteriaceae, 378 
Bacterioids, 259 
Bacteriophage, 377 
Bader ium^ 378 
Bambusaf 746 
Baiiaiia, Mitsa 
Banyan, Mctts hen^alensis 
Bark, 66, *163 ; formation of, 154 ; ringed, 
154 ; scaly, 154 
Barley, Hordeum 
Baroma, 686 
Bartsia^ 710 
Baaididbolus^ 441 
Basidiolichenes, 478 

Basidiomycotes, 456 ; alternation of genera- 
tions, 458 ; economic uses, 473 ; 
scheme of development of, *456; 
survey of, 473 
Basidium, 456, *467, *468 
Bast, 149 
Bast fibres, 150 
Bat/racMum^ 647 

Batracho^rmum, 423, *424, 425 
Beaked Parsley, Anthriscus 
Beech, Fagtts 
BeggiatoOf *374, 879 
Bei^atoaceae, 379 
Begonia, restitution, *296, *297 
BennsUitaceae, 618 
Bennettites, 618 ; fruit of, *618 
Benthos, 71 
Berberidaceae, 644 
Berberis, 644 

596, *597 
Berula, 693 
ifeiter, 628 


Betida, *639, 641 

Betulaceae, 640 

Bicollateral bundles, 97 

Bicoroes, 696 

Biddvlphia, 391, *398 

Bidena, 726 

Biogenetic law, 195 

Birch, Betula 

Bird's-nest Orchid, Neottia 

Bitter-sweet, Solamtm duimmara 

Black Currant, Ribea nigrum 

‘‘ Bladder Plums," 453 

Blasia, *490 

Bleeding, 233 

Blue-green Algae, Cyanophyceae 

Bocconia, 653 

Boekmeria, 637 

Bog- Bean, Menyanihes 

Bog' Mosses, Bpbagiiales 

Boletaceae, 461 

Boletus, *460, 461 

Borage, Borago 

Boraginaceae, 704 

Borago, 704, *705 

Bostryx, 123, *124, 561 

Boswellia, 685 

Botrychium, *523, 524 

Botrydium, 388, *389 

Boundary.tissues, 46, 53 

Bovista, 463 

Bowenia, 602 

Bowiea, 738 

Bracken, Pieridium 

Bract-scale, 610 

Bracteal leaves, 114 

Bracteole, 119 

Branching, 72 ; cymose, 122 ; dichotomous, 
*73, *78, 116 ; false, 74, *75 ; 
lateral, 117 ; monopodial, 122 ; 
racemose, *78, 122 
Branch system, construction of, 120 
Brand-spores, 471 
Braaaica, *652, *654, *666 
Brayera, *661 
Briza, 760 

Broad Bean, Vicia Faba 
Bromeliaceae, 745 
Bromus, 750 
Bronveaux hybrids, 301 
Broom-Rape, Orobanche 
Brown Algae, Phaecophyceae 
Bruguiera, 671 
Bryales, 496 ,,, 

Bryonia, 718 
Bryony, Bryonia 
Bryophytlum, 658 

Bryopbyta, 479 ; alternation of generations, 
499 ; development of the spmrogo- 
nium, 484 ; fossil, 501 ; sexual organs 
of, 488 ; survey of, 499 
Bryopaie, ifis. 
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Buckwheat, Fagopynm esculentum 
Bud, 82 ; nnfolding of, 275 
Bud-scales, *104, *167 
Budding, 184, 801 
Bulbils, 185 
Bulbs, 169, 185 
Bundle sheath, 100 
Burdock, Lappa 

Bumei-Saxifrage, Pimpinella * 

Burseraceae, 685 
Buiomm^ 730 
Butter-Bur, Petasites 

Cabbage, Brassica oleracea 
Oahomba^ 645, *646, 647 
Caotaceae, 628 
Cactus-form, 166 
Caesalpiniaceae, 667 
Cakiley 655 
CataMuvny 734 
CalamagrostiSy 760 
Calamariaceaey 518 
Calamostachysy *516 
(MamuBy 733 
Calciphobe plants, 212 
Calcium carbonate, 37 
Calcium oxalate, 28, 37 
Calendultty 728 
Oallay 734 

C<dliihamni<my 423, *427 
CaUlxylony 616 
Callose, 61 
Oallunoy 697 
Callus. *60, 292 
Calohryimy 492 
OaZthay 646, 647,*650 
Calycanthaceae, 624 
Calyptrogen, 126 
Calypirospkaeray *383 
Calystegiay 708 
Calyx, 664 
Carabial cells, *138 
Cambium, 44, 97, 136 
(hmpanuioy *720 
Campanulaceae, 719 
Cane-sugar, 26, 264 
Cannabinaceae, 636 
CmnahiBy 637 
Canuaoeae, 756 
Cantbarellaceae, 460 
460 

Caoutchouc, 256, 678, 700 
Oapitulum, 661, *662 
Oapparklacese, 656 
€appmi$t 656, *656 ; leaf of, *162 
Oaprifoliaoeae, 715 

Camdla, *651, 655; embryo of, *590; 

seed, *596 

Capiimmy 707 

Capsule, deliieeexme of, *596 ; kicuUcida!, 
596 ; 596 ; aeptioidat, 595 


Carbon dioxide, assimilation of, 240 ; in 
assimilation, 244 ; source of, 237 
Gardaminey *663 

Cardinal points, 204 ; in assimilation, 246 

Garduusy *721, *722, 724 

Carexy lily *748 

Carnivorous plants, 176, 262 

Carotin, 17 

Carpels, 647, 654 

GarpinuSy *640, 641 

Garpodinuhy 700 

Carraway, Gamm 

Carrot, Damns 

Garviriy *691, 693 

Canmcula, 694 

Caryay 640 

Caryophyllaceae, 626 

Caspaiy’s band, 54, *65, 128 

Gassiay *665, 667 

Cassythny 626 

Gasianeay 641, *648 
GastiUoay 636 

CasuariTULy chalazogamy, 587 ; flowers of, 
619 ; root-nodules, 260 
Catkins, 560, *563, *666 
Gattleyay 769 
Gaulerpay 403, *404 
Oauliflory, 681 
GedmSy 613 

Celandine, Chelidonium 
Celastraceae, 686 
Celery, Apiam 
Cell -budding, 25 
Cell-contents, 10 
Cell-division, *21, 292 
Cell-formation, free, 25 
Cell -fusions, 41, 65 
Cell-plak, 23 
Cell.-j^l?lfe6 

Cell -wall, 33; chemical nature of, 85; 
growth in surface, 33 ; growth in 
thickness, 33 

Cells, embryonic. *11 ; form and size of, 
10, 292 ; growth of, 292 ; structural 
organisation of, 293 
Cellular plants, 872 

Cellulose, 35 ; as a reserve substance, 
263 

Geltisy 635 
GtntawrsOy 724 
Centaury, JSrythraea 
Central cylinder, 90 

Centrales, 891 ; auxospore formation in, 
391 

Cfentriole, 11 
Centrospermae, 626 
Cephalanihmki 757 
Cephatotaceae, 626 
CepbalotaxuB, 606 
GtraHiwn^ *565, 627 
(kmUomyscOy 431 
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Ceratium, 384, *385 
(^emtocorys, *385 
Cerntmiia^ 668 
Ceratommia^ 602, *604 
Cerheray 700 ; fruit of, 599 
OerciSy *665, 668 

CerauSy *630 ; succulent stem, *166 

OeriopSy 671 

Ceropegia, 701 

(Mrtfriay *474, *477, 478 

OmerophyUianiy 694 

Chuetocladiurriy 440 

Chalaza, 547 

Chalazogamy, 587 

Chamomile, Mnirimria 

Charily *410, *411 

Oharaceae, 410 

Ohasmogamous flowers, 572 

Cheiratilhusy *654 

VhrirofitrobiiSy 520 

Chclidouiam, 653 ; mutation, *326 ; seed 
of, *595 

Chemical influences, effect on growth, 
288 

Chemonasty, 362 
Chemosyntliesis, 270 
Chemotaxis, 331 
(fliemotropisin, 355 
Chenopodiaceae, 627 
Chenopodlum., 628 
Cherry, Prunus ccrasus 
Chervil, Chfierophylhini 
Chestnut, Cafiianea 
Chicory, Cichorium 

Chiinaeras, 301, *304; periclinal, 303; 

sectorial, 303 
Chitin, 36 

Chlainydobacteriaceae, 379 
Chlamy<lomonaceae, 395 
ChlamydonwnaSy 395, *396 
Chlordlay 397, *398 
Qhlarococcumy 397, *398 
Chlorophyceac, 388, 394 ; nflinities of, 404 
Chlorophyll, 17 ; absorption sjiectrum of, 
242 

Chloroplasts, 17, *18 ; assimilatory activity 
of, *244 ; of Desmidiaceae, 408 ; 
movements of, *332 ; number of, 
108 ; phototnxis of, 331 
ChoiidriodcTniCLy *13> 429, *430 
Chondriosomes, 15 
Chondr<yniyce$ *379 
Chondrusy *423 
Chorday *413 
Choripetalae, 623 
Chromatic adaptation, B81 
Chromatin, 16 
Ohromatiumy 875, *376 
ChroHiatophoree, 16 ; iacluaions of, 23 ; 

multiplication of, 23 
Chromoplasts, 19, *20 


Chromosomes, 20 ; as bearers of the genes, 
322, *323 
ChroococcuSy 381 
Chroolepidcae, 399 
C/hrymvioebify *383 
Chrysanthemum, 727 
Clirysomonadales, 384 
Chrysophyceae, 387 
Cibotium, 530 
CichoriitDiy *722, 724 
Cicnlay *692, 693 
Cilia, 328 

Ciliary movement, 328 
Clm icif uga , * 6 4 6 
Cinchomy 714, *715, *716 
Ciucinnns, 123, *124, 561, *565 
Cineraruiy 728 
Cinnamomamy 624, 626 
Circaeuy 671 

Circulation of protoplasm, 13, 329 
Cirskwiy 724 
CHstaceae, 656 
Cistiis, 656 
CUruUuSy 718, *719 
(htrus. 683, 684, *685 
CladoiiWy *475, *477 
Chidophoray *17, 401, *403; chloroplast 
of, *18 ; dividing cell of, *24 
Cladosteph u.Sy * 7 7 
Cladoflirix, *375, 379 
CtndoxytifU, 616 
(flainp-connections, *456, 457 
Classiflcalion, 193 ; artificial system, 371 ; 

natural systtmi, 371 
ClacariAiy *459 
Clavarificeae, 460 

ViaticepSy 448, *450 ; sclerotium of, *39 
(fleistogamous flowers, 572 
VtematiSy 646, 647 ; course of vascular 
bundles, *93 
Cflimbing plants, 172 
Ctivitty 742 
Glnster in niy *407 
C/.ost?idiu7)iy 259 
Clover, Trifdmm 
Cloves, 672 

Club Mosses, Lycvpodiinac. 

CnicnSy 723, 724 
Cobalt paper, 227 
Coccaceae, 878 
CocconeiSy 392 
Gochdearitty 655 
Cocoa tree, Theohrorm 
Coco-nut Palm, Cocos 
Cocosy *732, 783 
Cvffeu, 714, *717 
Coflbe, Ooffea 
Cohesion mechanisms, 336 
Cohesion theory, 236 
ColUy 681 

Colchicumy 788, *739, 742 

3 F 
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Coleodiaete^ 400, *402 

Collateral vascular bundles, 96, *97 

Collective fruit, 596, *597 

Collective species, 324 

GoUema, *45], 474 

Collenchyma, 58, *59 

Colleters, 167 

Colletiat 688 

Oolncasiay 734 

Coltsfoot, Tussilaffo 

Columniferae, 678 

Combinations, 325 ; of cliaracters, 320 
Com frey , Syt)} phyt n m 
Cominelina, 745 
Commelinaceae, 745 
Commiphora^ 685 
Companion cells, *60, 99, 150 
Compass plants, 161, 353 
Compensations, 298 
Complementary tissue, 56 
Compositae, 721 
Compound umbel, 661, *562 
Concentric vascular Vmntlle, *95 
Conducting parenchyma, 46 
Conducting tissues, 59 
Conferva y see Tribonema 
(Jo id ioholuSf 441 
Conidiospores, 185 

Coniferae, 604 ; development of the micro- 
spores, 677 

Conivni^ *690, *694 ; ovarj^ of, *557 

Conjugatae, 406 

Connecting fibres, 23 

Connective, 654 

Contortae, 697 

Contractile roots, 170, *171 

Convallaria, 741 

Convergence of characters, 165 

Convolvulaceae, 702 

Convolvulus, 703 

Copai/era, 668 

Cora, *478 

Corailiorrhiza, 757 ; rhizome of, *182 

Corchorus, 680 

Cordaitaceae, 617 

Cordaites, *616, 617 

Cordyline, 741 

Corethron, *892 

Coriandrum, *690, 694 

Cork, *10, 65, *56. *152, *153 

Cork cambium, 168 

Cork oak, 55 

Cormopliytes, 70 

Cormus, 70, 79 ; adaptations of, 155 

Cornaceae, 689 

Oornus, 689, *690 

Corolla, 554 

CoronUlOt 670 

Correlation, phenomena of, 298 
Corttinia, sporogoniura of, *483 
Cortex, 88 


Cortieium, 459 

Oorydnlis, *652, 653 ; seed of, *695 
Corylus, 641 ; catkin of, *563 
Cosinari im ,*407 
Corticiaceae, 459 
Cotton-grass, Eriophonm 
Cotyledons, 114, 577 
Crumhe, *654, 6.^>5 
Crassvla, 658 

Crassulac'oae, 658 ; respiration, 266 

Cmtciegomesjiilus, 30 1 

Cnduegus, 660 ; leaf of, *621 

Crenofhrix, 379 

(Wpis, 725 

Cribraria, 431 

Crinum, 742 

Crocus, *744, 745 

Cronartium, 469 

Cross-pollination, 569 

“Crossing over,” 324 

Croton, 676 

Crown-gall, 377 

Cniciferae, 653 

Cryptogams, 372 

Cryptomonadales, 384 

Vryptomonas, *384 

Cryptophyceae, 388 

Crystals, 28 

Cucumber, Cucinnis satiiyus 
Vucutnu, 718 
Gucvrhita, 718 
Cucurbitaceae, 717 

Culture -solutions, 211 ; degree of acidity, 
212 

Cupressineae, 607 
Ciqrressus, 609 
Cupuliferao, 641 
Curcuma, 755 

Cuscuta, 179, *181, 703 ; haustoria of, 
288 

Cuticle, 47 
Cutinisation, 37 
Cutis tissue, 54 
Cutler ia, *414 
Cyauophyceae, 380 
Cyatheaceae, 528 
Cyathiuni, 676 
Cycadaceae, 602 
Cycadeoidea, *617, 618 
Cycadinae, 602 
Cycadites, 617 
Cycadofilices, 617 
Cyras, *602, *608 
Cyclamm, *696 
Cydtmia, 660 
Cylindrocystis, *406, 408 
Cymose inflorescences, 561 
Cynara, 724 
Cyperaceae, 745. 

Cyperus, 748 
Cypress, (Jupressus 
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Oypripedium^ 767 
Cystodimum^ *388 
Cystolith, 34, *36 
Cytisust 670 
Cytologj", 10 

Cytoplasm, 15; division of the, 23; in- 
clusions of, 26 

DactyliSf 750 

Dahiittf 726; root-tubers, *169 
Dandelion, Taraxacum 
Daphne, 671, *672 
Darwinism, 198 
Date Palm, Phoenix 
Datura, 707, *710 
Daucvs, 698 
Dmemnia, 501 
Deadly Nightshade, Airopa 
Decay, 272 

Delefis&ria, *77, 423, 426 
Delphinwm^ 650 ; transverse section of, 
*555 

Ifendrubium, 759 
DenitriOcalion, 273 
Dentaria, bulbils, *184 
Dermatogen, 82, 126 
Descent, theory of, 192 
Desmidiaceae, 406 

Vesmodium, autonomic movements of, 339 

Determinants, 291, 314 

Development, 274 ; factors of, 283 ; 

periodic changes in, 303 
Diagrams, 84, *86 
Diakinesis, 189 
Dmnthue, 627 
Diapensia, ovary, *566 
Diastase, 32, 252 ; action on starch-grains, 
•268 

Diatoineae, 389 ; orders of, 394 ; sexual 
reproduction, 391, 392 ; movements 
of, 829 

Diatoms, Diatom eae 
Dicentra, 663 

Dichasium, 122, *123, 661, *565 
Dichogamy, 670 
Diclinous flower, 653 
Dicotylae, 621 

Dicotyledons, segmentation of the embryo, 
689 ; wood of, 1 46 
Dieranophyllum, 617 
DicUmnus, 683 

Dictyota, 78, *416 ; initial cell, *78 
Dfctyotales, 415 
XHctyachua, 486 
716 

Digestive gland, 68 
DigUaXis, 709, *713 
DUatation, 152 
Dill, Aneifmm 
Dimarphotheoa, 728 
Dffw6ry<m» *383 


Dinoflagellatae, 884 
Dinophyceae, 388 
Dmothrix, *388 
Dioecious, 661 

JJionaea, 177 ; leaf of, *178 , 

Dioon, 602 ; fertilisation, *575 ; pro- 
emhryos, *676 
Diospyrales, 697 
Diospyros, 149, 697 
Diploid. 188 
Diplophase, 192 
Diplostemonous flowers, 558 
Dipsaceae, 716 
Dipsacns, 716, *718 
Dipterocarpaceae, 657 
Dischidia, 701 ; pitcher leaves, *175 
Discomycetales, 449 
Dissimilation, 263 
Distephanns, *383 
Divergence, 85 
Dodder, Otiscufa 
Dominant inheritance, 317 
Dormant buds, 121 
Doronicnm, 728 
Dorsal suture, 655 
Dorsiventrality, 72 
Dorstenia, 635 
l>rdf>a, 655 

Dntcaenn, 741, *742 ; growth in thickness, 
135, *136 

Drepanium, 123, *124, 661 
Drimys, 624 

Drosera, 666 ; chemonastic movements, 
363 ; leaves of, *176 ; tentacle of, *177 
Droseraceae, 656 
Drupe, 696 
Dry as, 662 
Dryobalatiops, 667 

Dryopt&ris, 626, *627, 530 ; prothalliuin, 
*502 ; sporangium, *529 
Dry Rot fungus, Merulins 
Dudremaya, 426, *426 
DunalieUa, 385 

Earth -Star, Oeaster 
Ebony, Diospyros 
MchaUiunt, *718 
Echinocactus, 630 
Kchinodorus, *780 
Echinops, 724 
Echium, 704 
Ecology of flower, 561 
Ectocarpus, 413, *414 
Ectotrophic mycorrMza, *261 
Edelweiss, Leontopodiutr^ 

‘ ‘ Egg apparatus,” 68lfe 
Bgg-oell, 187. 685 
Etaeagnaoeae, 671 
Elaeagnus, 671 : root-nodules, 280 
Elae^s, 733* 

Elaphomyees, 447 
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Elatostemma, 637 
Elder, Stwi/hucus 
Elementary sinjcies, 324 
JSlettariat 765 ; seed of, *695 
Elm, Ulm^ts 

Modea^ 730 ; pollination 564 

Elongation, phase of, 277 

Klym^ *748 

Embryo, 188, 588, 592 

Embryo -sac, 684 ; contents of, 686 ; 

development of, *585 
Embryonic rudiments, 276 
Emergences, 53 
Kmpusa^ *440 
Enautioblastae, 745 
Kncephalartos^ 602 
Enchanter’s Nights]ia<lc, Cnram 
Endemism, 195 
Emlocarp, 595 

Endodermis, 64, *55, 90, 128 

fUndogone^ 441 

JCfidomyceSy 443 

Bndomyoetales, 442 

Endosperm, 577, 688, 592, 593 

Endosperm -format ion, cellular, 588, *589; 

nuclear, 688, *589 
Endosperm nucleus, 588 
Endospores, 185 
Endothecium, 554 
Endotrophic mycorrhiza, *261 
Energy, libonition of, 263, 269 
Entenmorphay *399 
Entomophilous plants, 564 
Entomophthvrat 441 
Entomophthoraceae, 440 
J£oi>permatoptens, 616 
Eplmiray *618, *614 ; macrospores, 581 
Epidermal system, 47 
Epidermis, *47 
Epigeal germination, 600 
Epigynons flower, *557 
MpHobium^ 671 
Epinasty, 338 
EpipacliSf 757 
Epiphyllum^ 630 
Epiphytes, 173, 224 
Mpipogon^ 767 
Epitbema, 109 
Equisetaceae, 515 
Equisetales, 515 
Eqnisetinae, 515 

Mqumtunt, 516 ; fertile shoot, *517 ; 
growing point of, *82, *83 ; pro- 
thallium, *6 18 ; stem, *516 ; vegetative 
shoot, *617 
Mremascus^ 442, *443 
Erepsln, 255 
Ergot, 448, 449 
Mricay 697 
Ericaceae, 696 
JI}rigeroiit 726 


JMohotryaf 660 
EHophorunit *747 
Erodiurrij 683 ; fruit of, *336 
Etophila, 655 
Erysiphacoae, 447 
Erysiphales, 447 
Krysiphe^ spore formation, *26 
Mrythraea, 699 
Erythroxylaceae, 683 
Erythroxylon, 683, *684 
JEscholtsiu^ 663 
Ethereal oils, 28 , 256 
Etiolation, *285 
Enascomycctes, 444 
Eu- Bacteria, 377 
Eucalyptus^ 672 
Eudotlna^ 396 
Eugenia, *672, 673, *674 
Euglena, 385, *386 
Euglenalos, 385 
Euinycctes, 442 
Euonymus, 686 

Euphorbia, *676, *677 ; succulent stem, 
*166 

Euphorbiaceae, 675 

Euphorbiales, 674 

Euphrasia, 710 

Euryale, 646 

Eusporangiatae, 523 

Everlasting flowers, IfeHchrysum 

Excretion of water, causes of, 233 

Exiue, 549 

Exoasceae, 453 

Exoascales, 453 

Exobasi<iiaceae, 459 

E.X obnsidi urn, * 159 

Exocarp, 595 

Exodermis, 128 

Kxospores, 185 

Exothecium, 554 

Rxtrorse, 554 

Exudation, 231, *232 

Fagales, 640 

Fngnpyruin, 631 ; ovary, *567 
Fagiis, 641, *642, *643 
False mildew of the vine, 437 
Fascicular cambium, 187 
Fats, 28, 254 

Fatty seeds, germination of, 266 
F'egxvtdla, development of the antheridium 
in, *482 

Fennel, Foenimlum 
Fermentation, 263, 270 
Ferns, Fllicinae 
Fertilisation, 184, 188, 311 
Festuca, *749, 760 ; anemophilous flower, 
*667 

Fibrous layer, 549, 554 
Ficm, *636; inflorescence, *668; polliita- 
tion, 568 
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Fig, Ficus 
FilagOf 726 

Filices, 526 ; antiierulia, 529 ; archegouia, 
529 ; prothalUuni, 529 
Filiciuae, 522 ; survey of, 637 
“ Fiuger-and-Toes,” 483 
Fir, Abies 
Flagella, 328 

Flagellatae, 382 ; seiies derived from, 386 
Flax, Linum 

Floral diagrams, 559 ; empirical, 558 ; 

theoretical, 558 
Floral ecology, 565 
Floral formula, 559 
Floridean starch, 423 
Flowers, conditions of the formation of, 
309 ; ecology, 561 ; morphology, 
551 ; pollination of, 561 
Flowers of Tan, FuHgo 
Foeuiculumt *690, 693 
Foliage leaves, 103; epidermis, 106; 
internal structure, 106 ; iiiebophyll, 
106 

Follicle, 596 
Ftmes, *461 
FnntimliSy 498 

Food materials, assimilation of, 240 ; in- 
disspensable, 211 
Fool’s Parsley, Aethvsa 
Foreign organisms, inHuence of, 290 
Forget-me-not, Mt/osotis 
Formative tissues, see Meristems 
Fossil Angiosperms, 759 
Fossil Gymnosperm>s, 615 
Foxglove, DigitaJis 
Fragmentation, 23 
Fragraria^ 662 
Fraxinus, 699, *700 
Free cell formation, 25 
Free nuclear division, 24 
Freydnetia^ 731 
FritUlaria, 742 

Fruit, 594 ; iiidehiscent, 596 ; ripening of, 
267 

Frudania^ *491 

Fucalea, 416 

Fuchsia, 671 

Fncoxanthin, 412 

Fucsis, 416, 417, *419, *420, *421 

Fuligo, 430 

Fumariaceae, 653 

479 ; arcbesporium, *484 ; chloro- 
plaats of, *18, *23; development of 
the antheridium of, *482 ; develop- 
ment of the sporogonium, *484 
Fungi, 431 

Fungi Imperfect!, 478 
Funiculus, 647 

Fmhia, egg apparatus, *586 ; formation 
of embryos, *692 
Furze^ Ulev 


Qalanthns, 742 
Oaleopsis, 705, *706 
Oaliam, 710 
GcUHonelia, 374, *375 
Galls, 290 ; histoid, 290 ; organoid, 290 
Oalfonia, 738 
Galvanotaxis, 833 
Galvanotropism, 359 
Oametangia, 186 
Gametes, 186 
darcinia, 657 
Gas-bubble method, *241 
Gases, absorption of, 238 ; movement of, 
239 

Gasteromycetales, 462 
Oeaster, 463 
Gelsptnivm, 699 
Gemini, 189 
Generative cells, 550 
Genes, 314 
Genista, 670 
Oeniiana, 699, *701 
Gentianaceae, 699 
Geogra])hical distribution, 195 
Geophytes, 167, 168 
Gcotropic curvatures, 843, *344 
Geotropic movement, *343 
Geotropism, 341 ; as a phenomenon of 
irritability, 347 ; transverse, 344 
Geraniaceae, 683 
(HermUmti, *683 
Germination, 275, 599, 600 
Geim, 662 

Gigartina, 423, *424 
Ginger, Zingiber 

Gifikgo, *604 ; pollen-chamber, *574 ; 

pollen-grain, *673 
Ginkgoaceae, 604 
Ginkgoinae, 604 
Girders, 89 
Gladiolus, 745 
Glandular cells, 66 
Glandular epithelium, 66 
Glandular hair, *67 
Glandular scale, *67 
Glandular tissue, 66 
GlavxiuM, *662 
Gleba, 462 
Glcchoma, 705 

Qleditschiaf 668 ; stem-thorn of, *166 

Gleicheniaceae, 528 

Globoids, 29 

Gloeocapsa, *38, 881 

Gloriosa, 758 

Glucosidee, 27 

Glumiflorae, 745 

Glycogen, 27 

Glycyrrhixa, 670 

Gnaphaliumt 726 

Guetaceae, 614 

Guetiuae, 614 
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Gnetineaei xnacrospores, 581 ; microsporeS) 
581 

Onetum^ •614, *615, 620 ; embryo-sac of, 
*583 j macrosporea, 581 
Gooseberry, Ribes grosmlaria 
Oosaypiuniy 679, *680 ; seed-hairs of, 
*58 

Graft-hybrids, 801, 303 
Grafting, *800 
Gramineae, 748 
Grand period of growth, 282 
OraphiSf 477 
Grass-wrack, Zostera 
Grasses, Gramineae 
Oratiola, 709, *712 
Gravity, effect on growth, 287 
Green Algae, Chlorophyceae 
Growing points, 72, *81, 276, *292 
Growth, commencement of, 275 ; distri- 
bution of, 281, *283 ; external factors, 
283 ; general phenomena of, 276 ; 
grand period of, 282; intercalary, 
282 ; internal factors, 29] ; measure- 
ment of, 279; phases of, 276 ; rate 
of, 280, 282 

Growth in thickness, primary, 133 ; sec- 
ondary, 185 
Growth -hormone, 354 
Gruinales, 682 

Guard cells, 49, 50 ; movements of, 229, 
*280 

Ouiacimt 683 
Gum, 37 
Gnm-resins, 266 
Giitta-percha, 266 
Guttiferae, 667 
Oynnadeniat 757 
Gymnodiniaoeae, 384 
Oymnodinium^ 386 
Gymnospermae, 601 

Gymuosperms, flowers of, 561 ; wood of, 
142 

Gynmosporangiumy *467 

Gynaeceum, 564, *666 ; inferior, 658 ; 

superior, 567 
Gynandrae, 766 
Oyfmiimy 463 

Haastia^ 726 

742 

Baematocoeem^ 895, 396 
Bagenta^ *660, *661 
Hairs, 61 

Half-leaf method, 248 
BcUtmeda, 408 
Halophytes, 218 
Hamamelidaoeae, 626 
Hamaiudlidales, 626 
BtmamBM, 626 
Banecm/iat 700 
Hapkdd, 188 


Haplomitrieae, 492 

Baplonntriumt *491 *492 

Haplophase, 192 

Haplostemonous flowers, 568 

Haptotropism, 356 

Hart’s-Tongue Fern, Scolopendriutn 

Haustoria, *76, 180 

Hawthorn, Crataegus 

Hay bacillus, Bacillus subtilis 

Hazel, Corylus 

Head, Capitulum 

Heart- wood, 149 

Heat, production of, 273 

Heath, Erica 

Heather, Calhina 

Iled&ra^ 689 

Hedychiuniy 755 . 

HtHawthemum^ *657 

Helianthus^ *722, 726 ; embryo-sac of, 
587 


Helichrysum^ 726 
Heliotropism, 350 
Heliotropivm^ *665 
Helobiae, 729 
Helvellaceae, 452 
Hemicelluloses, 36 
Hemlock, Conium 
Henbane, Byoscyamus 
llepaticae, 485, 501 
Herbs, 134 
Hercogamy, 571 
Heredity, 318 
Hermaphrodite flower, 553 
Heterochloridales, 385 
IleterococcuSj 388 
Heterocontae, 388 
Heterocysts, 382 
Heteroecious Uredineae, 469 
Heteropbylly, 113 

Heterostyly, 671 ; dimorphic, 671 ; tri- 
morpbic, 571 

Heterotrophic cormophytes, 178 
Heterotrophic nutrition, 257 
Heterotypic division, 189 
Heterozygotes, 814 
Bevea, 678 
Hibernacula, 185 
Hibiscus, 679 


Bieracium, *722, 726 ; aposporous origin 
of the embryo-sac of, *693 ; ^ 
tion of the embryo, 691 
Hilum, 592 
Hippocastanaceao, 686 
BippophaH, 671 

Bippurist vegetative cone of, •SS 
Boleust 750 
Holly, Hex 

Holobasidiomyoetes, 466 
Homologous, 9 
Homotype division, 190 
Homozygotes, 814 



INDEX 


807 


Honeysuckle^ Lo'ixkera 
HooduLy 701 
Hop, Humvlud lupulus 
Hordeumy 749, 750, *751 
Hornbeam, Carpinus 
Horse-cliestniit, Aesctdus 
Horse-tails, Equisetineae 
Hoyay 701 
Hwmvlusy *636 
Hyacinthusy 738 
Hyaloplasm, 15 
Hyalothecay 408 

Hybrids, 314 ; inlieritance in, 315 
Hydathodes, 232 
Hydnaceae, 460 
UydnophytuMy 714 
Uydnumy *460 
liydrasttSy 647, 650 
HydrochariSy 730 
Hydrocharitaceae, 730 
J/ydrodicfyony 398 
Hy^lromorpby, 156 
Hydrophilous plants, 564 
Hydrophytes, 156 

Hydropterideae, 531 ; prothalJia, 533 

Hydrotaxis, 383 

Hydrotropism, 355 

Hydrurusy *387 

Hygrochasy, 335 

Hygroniorphy, 158 

Hygrophytes, 168 

Hygroscopic movements, 385 

Hymeiiomycetales, 458 

Hytnenopliyllaceae, 528 

Uyoacyamv^y 707, *712; seed of, *595 ; 

stamen, *555 
Uyptricumy 657 
Hyphae, *74 
Hypha^y 732 
HypocotyJ, 677 
Hypogeal germination, 600 
Hypogynous flower, *657 
Hyponasty, 338 
Hypophysis, 589 

Ih&riBy 665 
Idlbblasts, 43 
685, *687 
624 

||Bibition, 221 ; mechanisms, 335 
IMian Hemp, Cannabis sativa 
Inflorescences, 559 

Insect visitors, perception of colours, 565 
Insectivorous plants, 175, 262 
Integuments, 647 

Intercellular spaces, 42, 239 ; lysigenous, 
42, 66 ; rhexigenous, 42 ; scbizo* 
genOns, 42 

Interfascicular cambium, 137 
Internal diflerentiatlon, 279 
Xntemodes, 84 


Intiue, 549 

luiraniolecnlar respiration, 267 
Introrse, 654 
Intussusception, 33 

InulOy 726 

luulin, 27, 253 
Invertase, 254 
Iodine in seaweeds, 213 
Tpoitioeay 703, *704 
Iridaceae, 744 

Irisy *744, 745, *746 ; atavistic form of, 
*560 ; seedling, *601 
Iron -bacteria, 270 
Irritability, 206, 354 
Tsatisy 653, 656 
Isoetaceae, 621 

hottesy *521 ; female prothallium, *522 ; 

germination of microspore, *621 
I&oetinae, 521 
Isogaray, 186 
Isotonic solutions, 218 
IthyphalluSy *464 
Ivy, Hed&ra 

Jainhosay 672 
Jaswney 720 
Jasminuviy 699 
Jateorhizay 645 
Juglandaceae, 639 
Juglandales, 639 

JuglanSy *688, 639 ; chalazogamy, *687 

JuDcaceae, 736 

JuncuSy 736, *738 

Jungermanniales, 490 

Jumper, Juniperus 

Juniperus, 607, *608, 609, 614 

Juvenile form, 306 

KanddiUy 671 
Karyokinesis, 20 
Kickxiay 700 
Kidney Bean, Phaseolus 
Klinostat, 342 

Knautiay 716 

Kramenay *667 

Labiatae, 705 
Laboulbeniales, 454 
Lothmimny *667, 670 
Laburnum Adamiy 801, *302 
Lachneoy *451 
LactariuSy 462 
Lactic acid fermentation, 272 
Lacttbcay 724 

Ladies’ Slipper, Oypripedivm 
Laelia, 759 
Lamarckism, 197 
Laminaria, *416, *417, 422 
Laminariales, 415 
l^iminariu, 412 
Lamiumy *705 
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LandolphMf 700 
Lapput *721, 724 
LariXf *613 

Late Bliglit of the Potato, 437 
Lateral buds, 117 ; position of the leaves 
of, 119 

Lateral toots, 131, *132 
Latex, 65 
fxithraea, 7l0 
Lathyrus, 670 
Laticiferous cells, *65 
Laticiferous tubes, 65 
Laticiferous vessels, 65, *66 
Lauraceae, 624 
Laurel, Laurus 
Laurus, 624, *625 
Lavandula, 705, *706 
Law of the resultaut, 348 
Leaf arraiigenjents, alternate, 84; (hu'ussate, 
86 ; spiral, 86 ; veiticill/ite, 84 
Leaf axil, 117 
Leaf- base. 111 

Leaf-blade, 101 ; functions of, 110 ; veins, 
105 

Leaf-cusliions, 111 
Leaf-fail, 115 
Leaf priniordia, 102 
Leaf-scars, 115 
Leaf-stalk, 111 
Leaf-sncculents, 164 
Leaf-tendril *172 
Leaf- thorns, 162 

Leaves, 80 ; development of, 102, *105 ; 
duration of Ide of, 1 15 ; forms of, 
103 ; transverse section of, *107 
Lecanora, 478 
Ledum, 697 
Legume, 596 

Leguminosae, 663 ; ruot-tuberoles, 259 

Lem, 670 

Lenticels, 65, *57 

Leontopcdium, 726 

Lepidium, *654 

Ltpidocarpon, 613, *514 

Tiepidodendraceae, 513 

Lepidoderidrales, 512 

Lepidodendron, *513 

Lepidoairohus, *614 

lieptosporangiatae, 525 

Leptothriv, 379 

Leaaonia, 416 

Lettuce, Lactwa 

Leucq^um, 742, *744 

Leucoplasts, *19, 30, *32 

Leoiaticum, 693 

Lianas, 172 

Lieban acids, 478 

Licbenes, 474 

Lichens, 449 ; crostaceoiis, 476 ; fila- 
mentous, 474 ; foliaceous, 475 ; 

fhiticoee, 475 ,* gelatinous, 474 ; 


heteromorons, 474 ; homoioinerous, 
474 ; inutualistic symbiosis, 476 
Li nnoplwra, * 3 9 1 

Life, duration of, 807 ; essential phenomena 
of, 201 ; latent, 202 

Light, ('fleet on assimilation, 242, *243 ; 
eflea on germination, 276 ; effect on 
growth, *285 ; production of, 273 
Light-growth reaction, 306 
Lignification, 37 
Lignle, *113 
Ligmlrum, 699 
Liliaceae, 738 
Liliiflorae, 735 
Lilioideae, 738 

Liliiim, 738 ; pollen grain of, *584 
Lily of the Valley, ConraUarui 
Limt*, Tilia 
Limmuithemum, 699 
Liwodorum, 757 
Liliaceae, 683 

Linar ia, 708 ; raceme of, *563 
Linin, 16 

Lmum, 683, *684 ; gyuaecenm, *556 

Lipoids?, 14 

Liquidambar, 626 

Liquorice, (ilf/cyrrhixa 

Linodendton, 624 

Listcra, 757 

Liturella, 710 

Litton ia, 738 

Jjiverworts, JJepa/irae 

Lobelia, *720 ; ovary, *556 

Lobeliacene, 720 

Locomotion, conditions of, 329 ; move- 
ments of, 328 
Lolium, 750, *754 
Long shoots, 74 
Lonicera, 715 
Loranthaceae, 633 
Loranthns, 633 
IMus, *668, 669, 670 
Lovage, Leviatievm 
Lifnaria, *664, 655 
Lupinus, 670 
Lvzula, 737 
Lycoperdon, *463 
Lycopodiales, 507 
Lycopodiinae, 507 ; orders of, 516 
Lycopodium, *507 ; embryo, *609 ; 

thallus, *608 ; stem, *604 
LygiTiodendron, *638, *639 ; macro- 

sporangium, *640 
Lythraceae, 671 

Lythrum, 671 ; beterostyly, 671 

Mctcrocyatia, 416, *418 
Man'ozamia, 602 
Magnolia, 624 
Magnoliaoeae, 624 
Magnoliales, 624 
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MaUtnihmium^ 741 
Maize, Zta 

Male Fern, Tjryopteris JilLv mas 
Malva^ *679 ; pollen grain, *565 
Malvaceae, 679 
MammtUaria^ 630 
Mangiftra^ 686 
Manihot^ 678 
Manna Lichen, Lecanora 
Marantay 755 
Maraiitaceae, 755 
Mataitiales, 524 

Marchantia^ 486, *488, *489 ; air*pore, 
*487 ; antberidiuni, *480 ; arche- 
gonium, *480 ; gemma, *488 
Marchantiales, 486 
Marsh Marigold, Oalf/m 
Marsilia, *532 ; female prothalliis, *536 ; 
male prothalliis, *536 ; sporocarp, 
*535 

Mastiga7noeba, *386 
Matricaria, *721, 724, *725, 727 
Maithiola, 654 

Maurandia, 709 ; clinihing slioot, *359 
Mechanical influences, efiect on growth, 
287 

Mechanical tissue, 88 
Mechanical tissue system, 56 
Medimgo, 670 
‘ Aledlar, Mespilus 

Medullary rays, 90, *138, 147 ; primary, 
139 ; secondary, 139 
Meiosis, 189 
Meiatnpsora, 469 

Mdampyrum, 710 ; embryo-sac of, *591 
Melantlioideae, 738 
Mdka, 760 
Mdilotus, 670 

Membranes, permeable, 215, *216 ; semi- 
permeable, 216, *216 
Mendel, laws of, 315 
Mendelian laws, validity of, 322 
Menispermaceae, 645 
Mentha, 706 
Menya^tthes, 699 
Mercurial U, *676 

Jleristems, 44 ; primary, 44 ; secondary, 
.J 44 

jtferuliaceae, 460 
460 

mesemhryanthemum, 628 
Mesocarp, 595 
Meaocwrpue, 409 
Mesophyll, 106 
Mesons, 660 
Metabolism, 208 
Metals, assimilation of, 250 
Metamorphoses, 9 
Metaphase, 22 
MeitmsyUm, 732, 733 
MetxgeTkt^ *79, 490 


Miadmnia, 513 
Micrasteriaa, 407 
Micrococcus, 378 
Mic7'ocycas, 602 
Micropyle, 692 
Microsomes, 15 
Microsplutera, 447 
Middle lamella, 40 
Mildew Fungi, MryU2}hales 
Milfoil, Achillea 
Millet, Aiidropogon 
MimosoL, *663, 664 

Mimosa pudica seismonastic movements, 
363, *364 
Mimoyaceae, 663 
Mimulus, 709 
Mhnusops, 697 
Mirabilis, hybrid, *317 
Mistletoe, Vkcuvt, album 
M^num, archegouium, *481, *496 ; peri- 
stome, 497, *498, *499 ; sporogoniurn, 
*498 ; stem of, *80 
Mobilisation of reserve materials, 252 
Modifications, 824 
Monarda, 706 
Monkshood, AconiUm 
Monoblepharidaceae, 434 
MonoblepJmris, *187, 434 
Monochasiuni, *123, 661 
Monocotylae, 728 

Monocotyledons, growth in thickness of, 
135 ; segmentation of the embryo, 
589 

Monoecious, 551 
Monopodium, 73 
Monstera, 733 
Mooiiwort, Hotrychimn 
Moraceae, 635 

MorcMla, *442, 461, 453, 464 
Morphology, 7 

Morus, 636 ; inflorescence of, *597 
Moss, diagram of life-history, *500 
Mosses, Musci 
Movement, 827 

Movements, autonomic, 337 ; cherno- 
iiastic, 363 ; of curvature, 333 ; 
hygroscopic, 385 ; of locomotion, 
828 ; nastlc, 360 ; paratonic, 337, 
340 ; periodic, 862 ; phototropic, 351 
Mucilage, 27 
Mucilage tulies, 66 
Mucor, *489, *440 
Mucoraceae, 439, 

Mucuna, secondary .hickeuing, 141 
Mnllein, Verbas&ttm 
Multicellular formation, 24, *25 
Musa, 768, *756 
Musaceae, 758 
Mumari, 788 

Musci, 492, 501 ; protonema> 492 ; sexual 
organs, 498 ; sporogoniurn, 494 
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Mushroom, 461 
Mutatious, 325 
Mycelium, 74 
Mycobacteria, 378 
MycahacteriunL, *374, 379 
Mycorrhiza, ectotrophic, *261 ; endo- 
trophic, *261 
Myosotis, 704 
Myosurtis^ 646 

Myristica^ *623, *624 ; arillua, *595 ; 

seed, *695 
Myribticaceae, 624 
MyrtnecvdiUt 714 
Myroxylon^ *668, *669 
Myraipkyllvm^ 741 
Myrtaceae, 672 
Myrtales, 671 
Myrtle, Myrtus 
Myrtus, *672 
Myxobacteria, 379 
Myxocoocus, *379 
Myxomycetefi, 12, 429 

Naiadaceae, 730 

Naias^ 730 

Nanism, 161 

Narcissus f 742 

Nastic movements, 340, 360 

Natural aelectiou, 198 

Navicuia, *394 

Nectaries, 558 

iVec^na, 448 

Nelumbiunif 646 

Nemalim, 426 

Neottia^ 767 

Nepenthaceae, 626 

Nepenthes, pitchers, 177, *179 

Nepeta, 705 

Nerium, 700, *702 

Nerves, see Veins 

Nieotiana, 707, *710 ; gynaeceum, *566 
Night'Shade, Solanum nigrum 
Nitellu, *411 
Nitrification, 270 
Nitro^baoteria, 270 

Nitrogen, assimilation of, 248; fixation 
of, 259 

Nitzschia, 393 
NocHluea, 385 
Nodes, 84 
Nopolea^ 630 
No^, *881, 382 
Nutoth/ylas, *486 
Nnoeilus, 547 

Nuclear cavity, 16 ' 

Nuclear division, 20, *21 ; direct, 23 ; 

tree, 24 ; indirect, 20 
NttolW membrane, 16 
Nuclear plate, *22 
Nuclear sap, 16 
Nucleolus, 16 


Nucleus, 15 
Nutations, 838 

Nutrient salts, absorption and movement 
of, 214, 224 

Nutrition, heterotrojdiif, 267 
Nuts, 596, *597 
Nyctiua&tic movements, 360 
Nyctmasty, 361 

Nymphaea, *645, *646 ; seed of, *695 
Nympbacaceae, 645 

Oak, Qmrcus 
Oat, Ave-nm 

Obdiplostemonoiis flowers, 558 
Ochrea, *630, 631 
Odontites, 710 
Oedogonivm, 400, *401 
Oenanthe, 693 
I Oenothera, 671, *672 
Oidium, 447 
Oil Palm, Elaeis 
Olea, *699, *700 
Oieaceae, 698 
Olive, Olea 
Olpulium, 432, *433 
Onagraceae, 671 
Ononis, 670 
Ontogeny, 2 
Oogamy, 187 
Oogouiiim, *187 
Ooraycetea, 434 
Oosphere, 187 
Ophioglobsales, 523 

Ophioglmsum, *523 ; aiitheridium, *524 ; 

archegoiiium, *524 
Ophrys, 767 

Optimum curve, *203, 204 
Opantia, *164, 630 
Orchidaceae, 765 

Orchis, *767, *768, *769 ; root-tuber, 
*170 

Organic acids, 26 

Organography, 68 

Organs, main groups of, 69 

Ornithogalum, 738, *740 

Ornithophilous plants, 569 

Omiihopust 670 * 

Orobanchaceae, 710 

Orohanche, 182, 710, *714 

Orthostichies, 86 

Orthotropous, 120 

Oryza, 750, *752, *758 

Oscillwria, *881 

Osmometer, 216, *217 

Osmosis, 216 

Osmotaxis, 333 

Osmotic pressure, 216 

Osmunda, 628 ; sporangium* *529 

Osmundaceae, 528 

Ostrich Fern, Striuhigpieria 

Ovaries, transverse sections of, *555, *566 
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Ovule, 647 ; anatropous, *548 ; atropous, Pericliual cell walls, 46, 292 


*648 ; catapylotropous, *648 
Ovuliterous scale, 610 
Ovum, 685 
Oxidases, 268 
Oxygen, 237, 289 

Paeonia, 646, 650 j flower of, *553 

PaUuopitys^ 616 

Pataeostachya^ *619 

Palaq^duviy 697, *698 

Palisade cells, 106 

Palisade parenchyma, 107 

Palm, course of vascular bundles, *93 

Palraae, 731 

Pandanaceae, 731 

Panddnus^ 731, *734 

Paruiorina^ 396 

Panicle, 661, *662, *564 

Panicum^ 760 

Papaver^ *652. 653 ; seed of, *696 

Pajiaveraceae, 662 

Papilionaceae, 669 

Papillae, *52 

Paramylon, 385 

Parasites, 178, 259 

Parastichies, 86, *87 

Paratonic movements, 340 

Parenchyma, 43, 45, 46 

Parietal es, 656 

Paris, 742, *743 

Parmelia, *474, 477 

Pamassia, 658 

Parsley, Petroselinum 

Parsnip, Pastinaca 

Parthenocissus, 688 ; stem-tendrils, *; 

Parthenogenesis, 184, 313, 590 

Partial fruits, 594 

Passtjiora, ovary, *556 

Pastinaca, 693 

Paullinia, 685 

Pavetta, 714 

Payena, 897 

Pea, Pisum 

Peach, Prunus persica 

Pear, Pyrus communis 

Pectins, 36 

Pediastrum, 897, *398 

^edicularis, 710 

Wcireskia, 630 

jPelargonium, *683 

PeUia, 496 ; fertilisation of, *481 

PencUlvum, 446, *447 

Pennales, 391 

Pentacyciicae, 696 

Pepsin, 265 

Perennial herbs, 167 

Perianth, 563 

Periaxial wood, 178 

Peri^em, 82, 126 

POEimrp, 695 


Pericycle, 129 
Periderm, *152, 153 
Peridineae, 884 
Peridmiaeeae, 384 
Peridiniuvt, *384 
Perigone, 654 
Perigynous flower, *557 
Perisperm, 693 
Peristome, 497 
Perithecia, 448, *449 
Periwinkle, Vinca 
Permanent tissues, 45 
Permeability, causes of, 225 
Permeable membrane, *216 
Peronospora, *437 
Peronosporaceae, 435 
Persea, *626 
Personatae, 706 
Peiasites, 728 
Petroselinum, 693 
Petunia, *708 
Peziza, *451 

Phaeophyceae, 412 ; affinities of, 418 ; 
alternation of generations, 420, *422 ; 
economic uses, 422 
Phaeosporales, 413 
Phaeothamnion, *387 
Pharbitis, 703 
Phascum, 497 
Phaseolvs, 671 
Phelloderm, 154 
Phellogen, 153 
Phelloid tissue, 65 
PMeum, 750 
Phloem, 94 

Phloem-parenchyma, 99 

Phobic reactions, 330 

Phoenix, 733 

Phosphorescence, 274 

Phosphoric acid, assimilation of, 250 

Photonasty, 361 

Phototaxis, 880 

Phototropic stimulation, localisation of 
854 

Phototropism, 350 ; transverse, 353 
Phragmidivm, 465, *468, *469 
Phragmobasidiomycetes, 464 
Phragmoplast, 28 
Phycooyan, 423 
Phycoerythrln, 428 

Phycomyces, 440 ; light-growth reaction, 
*805 * 

Phycomycetes, 4^2 ; phylogeny of, 441 

PkyUocactus, 630 

PhyUocardium, 385 

Phylloclades, 161 

Phyllodes, 161 

Phyllotaxy, 85 

Phylogeny, 2, 371 

Physalia, *597 
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Physantm^ *481 
Physosterin, 14 
Physostigma, 671 

Phyielephcbs^ 73t3 ; endosperm of, *42 
Phyteiuna^ 720 
Phytophtlwroy 437 

Piceay *611, 613; archegouia, *581 ; em- 
bryogeny, *582 ; fertilisation, *680 ; 
pollen -tube, *577 
PicraevOy 685 
PicT&rhizoLy 710 
PHeay 687 

Piloboltosy 440 ; phototropUm, *852 
PUocarpxiSy 684, 686 
PUostyles, *180 
Piiulariay *632, 533 
Pimpinellay *690, 693 
Pinaceae, 606 
Pineapple, Ananassa 
PiTtguicvlay 176, 710 
Pinks, DUtnthus 
Pinntdariay *71, *390 
PinuSy *612, 613, 614 ; development of the 
embryo, 679 ; embryo, *583 ; embryo- 
geny, *682 ; germination, *600 ; leal 
of, *108 ; male flower, *551 ; pollen- 
grain, *551 ; pollen-tube, *677 ; pro- 
embryo, 579 ; stem of, *147 ; wood, 
*144, *145, *146 
Piper y 681, *682, 633 
Piperaceae, 631 
Piperales, 631 
Pistacia^ 686 

PisujTiy 670 

Pithecoctenimiy winged seed of, *598 
Pits, *34, *40, 41 ; bordered, 62 
Pitted vessels, 62 
Pitting, 40 
Placenta, 647, 666 

Placentation, axile, 656 ; free central, 566 ; 

parietal, 565 
Plagiochilay *490 
Piagiotropous, 120 
Plankton, 71 
PlanHonidiay *391 
Plant geography, 3, 214 
Plantaginaceae, 710 

PUmUigOy 710 : protogynous flowers , *670 ; 

spike of, *663 
Plantain, Plantago 
Plasmodesms, 41, *42 
Pl€i.m<)diQphiyiray 433 

Plasmodium, 12, 480; of Chon^iodermay 
*13 

Plasmolysis, 219, *220 
PUmMpaTOy 435, *436 
Platanaceae, 626 
Platawtheray 767 
PManuSy 626 
Plectascaies, 446 
Pleiockasittm, 122, 561 


Plerome, 82, 126 
PUurid'vmiy 497 
Pleurocladiay *413 
Pleurococcus, 397 
Pleurosigmaj 893 
Plum, Primus domtsiim 
Plumule, 677 
Pneumathodes, 158 
Pneumatopliores, 158, 239 

PlHUy 760 

Podocarpusy 606 ; niycorrhiza, 260 
Podophyllum y *645 
PodosporOy *449 

Podosternaceae, embryo-sac, 686 
Poisons, 289 
Polar nuclei, 585 

Polarity, 68, 72, 293, *294 ; effect of 
light on, 294 
Pollen-chamber, 674 
Pollen-grains, 648 
Pollen-inotlier-cells, *649 
Pollen-sacs, 648 ; development of, 549 
Pollen- tube, 550 ; contents of, 683 
Pollination, by insects, 664 ; by water, 
664 ; by wind, 562 
PolyangiuMy *379 
Polyblepharitlales, 386 
PolyhlephariSy 385 

Polycarpicae, 623, 648; relative primitive- 
ness of, 620 
PoUjgalay 685, *687 
Polygalaceae, 685 
Polygoiiaceae, 631 
Polygonalea, 631 

Polygcniatumy *742 ; rhizome of, *347 
Polygonuniy *630, *681 ; embryo-sac, 585 ; 

ovule, *686 
Polyniastiginae, 386 
PolyphaguSy 433 

Polypodiaceae, induvsium, 526 ; sporangia 
of, 526 

PolypodiuTfiy 626 ; archegonium, *631 

Polyporaceae, 461 

PolyporuSy 459, 461 

PolysiphonUiy 426 

Polytomay 396 

Polytomdlay 385 

Polytrichumy *494, 497 ; antberidhim, 
*481 ; leaves, 497 
Pond-weed, Poiamogeton 
Poplar, Popvlus 
Poppy, Papaver 
Populusy *637, 688, 639 
Porogamy, 687 
Porometer, *231 
Potamogetony 780, *731 
Potamogetonaceae, 730 
Potato, formation of tubers in, 299 
Potato, Solatium Merosum 
PotenUiUa^ 661 
Presentation-tline, 350 
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Primary muristems, 44 

Primary nucleus of embryo-sac, 684 

Priintda, *695, 696 ; lieterostyly, *571 

Primulaceae, 696 

Primulales, 695 

Pro-embryo, 676, 688 

Prophase, 22 

l^rosenchyma, 46 

Protaudroua plant**, 570 

Protandry, 570 

Proteid crystals, 29 

Proteins, hydrolysis of, 254 

Protooscomycetes, 442 

Protococcales, 396 

Protogynous i)lants, 570 

Protogyny, 671 

I'rotomonadiiiae, 386 

Protonema, *479, 480 

Protophloem, 94 

Protoplasts, 10 ; chemical properties of, 14 ; 
connections of, 41 ; constituent parts 
of, 10 ; inclusions of, 25 ; origin of 
the elements ot, 19 ; physical pro 
perties of, 12 
Protoxylem, 94 
PrumiSf *659, *662 
PftalHota, *461 
Psidimif 672 
Psilophytinae, 505 
Psilotinae, 615 
Psilotum^ 515 
Psychotriiiy 714 

Pleridhmy 528 ; embryo, *503 ; rhi/ome, 
*504 

Pteridophyta, 502 ; affinities of, 541 ; 
alternation of generations, 502 ; life- 
history of, 602 ; sporangium, 505 ; 
survey of, 539 
Pteridosperrnae, 537, 617 
PteriSy embryo, *503 
Ptyxis, 83 

Puccinitty *466, *467 
Piilvinus, 111, 338, *339, 353 
Punicay 673, *675, *676 
Punicaceae, 673 
Pure lines, 325 
Putrefaction, 272 
Pyenidia, 448 
Pylaiella, 414 
Pyrenoids, 17 
Pyrenomyoetales, 447 
Pyronenmy 444, *446, *446, 449 
Pyrusy 660; flower in longitudinal section, 
*658 

PyifUtimy 437 


Quassuty *686 

i^cusy *641, *643, 644 
QuiUoifay *660 
(i^nixice, Cydonia 


Raceme, 560, *562, *563 
Racemose inflorescences, 660, *662 
Radial vascular bundle, *95 
Radicle, 577 
Radish, Paphanits 
Rafllesiaceae, 626 
Jiamalinay 477 
Ranales, 643 
Ranunculaceae, 646 

lianuncuhiSy 646, *647, *648 ; flower in 
longitudinal section, *568 
limidia, *161, 726 
Rapliannsy 655 
Raphe, 392, 592 
llaphides, 29, *30 
HamncdUy 753 
Reaction- time, 349 
Red Algae, Rhodoj)hyceae 
Red Currant, Hibes nibrim 
Reduction division, 189, *191 
Regulation, capacity of, 208 
Rejuvenation, 20 
Relative transpiration, 230 
Reproduction, 308 ; conditions of, 309 ; 
organs of, 182 

Reproductive bodies, types of, 183 
lieserve materials, 251 ; in seed, *594 ; 
mobilisation of, 252 ; regeneration of, 
256 ; transport of, 255 
Reserve starch, 30 
Resins, 28, 256 

Resistance to pulling strains, 129 
Respiration, 263, 264, *265 ; chemistry of, 
268 ; intra-moleciilar, 207 
Rest-Harrow, Ommis 
Restitution, 295 
Rhdbdonemay 392 
Rhamnaceae, 687 
Rhanmales, 686 
RkamnvSy 687, *689 
Kheotaxis, 383 
Rbootropism, 359 
Rheum^ *631 

Rbipidium, 123, *124, *561 
Rkipsalisy 630 
Rhizoids, 77 
Rhizomes, 80, 168 
Rhizophidiuviy 483 

Rhixophoray 671, *673 ; stilt-roots *169 ; 

vivipary, 601 
Rhizophoruceae, 671 
RhizetpuSy *438, 440 
Hhododmdrony #97 ; ovary, *666 
RhodcnneUiy 426 

Rhodophyceae, 422 ; affinities . of, 427 ; 
alternation of generations, *428 ; 
economic uses, 427 
Rhoeadales, 650 
Rhoeoy 745 
Rhubarb, Rhemi 
Rhus, 685 
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Rhynia, *606 
Rihes, 668. *669 
Ricdat *490 
Ricciaceae, 489 
Rice, Oryza 
Richarduii 788 
RicinuSf *678 

Rigidity against bending, 89, *90 
Rigor, 866 

Rddnia, 670; stipules, *166 
Roccella, *476, 477 
Root-cap, *126 
Root-climbers, 172 
Root-hairs, *127, *222 
Root- pockets, 125 
Root-pressure, *233 
Root-system, 132 
"Root- thorns, 162 
Root-tubercles, *260 
Root-tubers, 170 

Roots, 124 ; adventitious, 132 ; apex of, 
*126 ; branching of, 131, *132 ; con- 
tractile, 170; external features of, 
127 ; growing point, 125 ; growth in 
thickness of, *139; mechanical tissue 
of, *130 ; secondary thickening of, 
140 ; structure of, 128 ; transverse 
section of, *129, *180 
Rom^ *669, 660 ; collective fruit of *696 
Rosaceae, 668 
Rosales, 667 

Rose of Jericho, Anastatica 

Rosmarinus y 706 

Rotation of protoplasm, 13, 329 

Royal Fern, Osmunda regalis 

Rubia, 710 

Rnbiaceae, 710 

Rubiales, 710 

Rtilus, 662 

RumeXf 631 

Ruppia, 730 

Ruscus, 743 ; phylloclade, *164 

Rush, Juncus 

Russula, *467 

Rust Fungi, Urediuales 

Rust of Wheat, Pucdnia graminis 

RiUa, 683, *686 

Rutaceae, 683 

Rye, Sec(Ue 

SahadiUa, 738 

Sctccharomyces, *26, 271, *443 
Saccharomycetes, 443 
Sofxharim, 760 
Saecoblastia, *465 
Safiron, Otocus scUims 
Sage, Salvia 
SagUtaHa, *730 
Salicaceae, 638 
Salicales, 638 
Salicorfvia, *164« 628 


Salix, *637, 638, 639 
Salvia, 706, *707 ; pollination of, 667, 
•668 

Salvinia, 531, *532, *633 ; protbalHipn, 
*534 

Salviniaceae, 631 
Satnbucus, 716 ; flower, *656 
Sanguisorba, *659, 661 
Sautalaoeae, 632 
Sautalales, 632 
Santalum^ 632 
Sapindaceae, 685 
Saponaria, 627, *628 
Sapotaceae, 697 

Saprolegnia, 434, *486 ; conditions of re* 
production, 309 ; sporangium, *185 
Saprolegniaceae, 434 
Sap’ phytes, 257 
Sarcina, *374, 378 
Sargassum, 416 
Sarotkamnus, 670 
Sarraceniaceae, 626 
Sassafras, 624, *627 
Saxifraga, 668 
Saxifragaceae, 668 
Scabiosa, 716 
Scalariform vessels, 62 
Scale leaves, 114 
Scandix, 694 
Scenedesmus, 397, *398 
Sehistosfega, *496, 497 
Scbizaeaceae, 628 
Schizocarp, 696, *597 
Schizosacchamnyces, 443, *444 
Schoenocaulon, 788 
ScUla, 788 
Scirpus, *747 
Scitainineae, 763 
Sclerenchyma, 67, *69 
Sclerenchyma fibrte, 67, *68, 150 
Sclerocaulous plants, 161 
Scleroderma, 462, 463 
Sderopodium, *496 
ScoVoperdrium, 626, *628 
Scorzonera, 726 ; seedling, *601 
Screw-pine, Pandanus 
Scrqphularia, 708 
Scrophulariaceae, 708 
Scurvy Grass, Oochlearia 
SeeaU, 749. 760, *761. ^762 
Secondary growth, anomalous, 173 
Secondary meristems, 44 
Secondary nucleus of embryo-sac, 685 
Secondary thickening, 186, 136 
Secretory cells, 66 
Secretory reservoirs, 67 
Secretly tissue, 66 
Sedge, varex 
Sedum, H6S 
Seed-ooat, 592 
Seed#Fems, Bl^ffdonoAtoae 
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Seed-leaves, 114 

Seeds, 592 ; dispersal by animals, 598 ; 
dispersal by water, 698 ; dispersal by 
wind, 697 ; distribution of, 697 
Segregation, 318 
Seismonasty, 363 

SdaginellUy 509, *510 ; cone, *510 ; 
embryo, *512 ; germination of micro- 
spore, *511 ; macrosporangium, 510; 
micro'.porangiuni, 610 ; prothallus, 
*512 

Selaginellales, 609 
Selection, 825 
Selective power, 224 
Self-stenhty, 669 
Semi- parasites, 262 
Serai-permeable membrane, *216 
Sempervivumf 668 ; flower - development, 
310 

Senecio, 721, *724, 728 
Sensitive Plant, Mimosa pvdica 
Seqiwiat 610 
Seijania^ stem of, *174 
Serodiagnostic method, 619 
Sex, determination of, 321 
Sexual generation in the i)hanerogara8, 
development of, 572 

Sexual reproduction, 183 ; significance of, 
312 

Shade leaves, 107, 306 
Sheath, 112 
Shepherdia^ 671 
Shepherd’s purse, Qapsdla 
Shoot-thorna, 162 

Shoots, 80 ; aerial, 80 ; branching of, 116; 

subterranean, 80 
Shorea, 667 
Short shoots, 74, 76 
Shrubs, 134 

Sicyost branch-tendril, *358 
Sieve-plates, 60 

Sieve-tubes, 69, *60, *61, 99, 160 
SigUlarioLy *513 
Sigillariaceae, 513 
SUenef *629 
Silear^ *690 
Siliceous bodies, 29 
Siliceous earth, 394 
Silicic acid, 87, 48 
Siliqua, 596 
Simarubaceae, 685 
Sinapist 655 
Sine-law, 348 
Siphonales, 402 
Siphonocladiales, 401 
Siphonodadus^ 402 
8i$ymbrium^ *654 
693 

Size, 283 

Sliding growth, 44, 138, *143 
Stlme l^ingi, Myxomyoetes 


Smilax, 711 

Sinut-diseases of c^als, 472 
Smut Fungi, Ustili^nales 
Snowdrop, Galanthiis 
Solanaceae, 706 

Solanum^ 707, *708 ; tubers, *168 
Solidago, 726 

Sonneratittf 672 ; respiratory roots, *158 
SorbuSf *659, 660 ; hybrids, *31 6 
Sorediutn, *476 
Sorrel, Rumex acetosa 
Spadiciflorae, 730 
Spadix, 560 
Sparganiaceae, 731 
Spariiumt 670 
Spathicarpa^ 734 
Species, origin of, 327 
Sperm cells, 673 
Spermatogenous cell, 572 
Sperniatophyta, 547 ; classes of, 650 ; 
transition from the Pteridophyta to, 
647 

Spermatozoids, 187 ; chemotaxis of, 332 ; 

inCycadeae, 673, 574 ; m QinkgOy *678 
Spermogonium, *467 
Sphacelaria^ *414 
Sphaerites, 27 
Spfi^roplea^ 402 
Sphaerostmiaf 463 
Sphaerotheca^ 447 
Sphagnales, 495 
Sphagnum^ *493, 496 
Sphenophyllales, 520 
Sphevophyllnm^ *520 
Sphenopteris, *538 
Spigdia^ 699 
Spike, 660, *562, *663 
Spinach, Spmacia 61 traced 
Spinacia^ 628 
Spiraea^ *659 
Spiral vessels, *62 
Spirillaceae, 378 
SpiHllum, *374, *375, 378 
Spirochaetales, 380 
SpirochaeUy 880 
^irogyra, *408, *409 
Splint-wood, 149 
Spongy parenchyma, 107 
Sporangial spores, 185 
Sporangium, 185 ; cohesion mechanism of, 
336, *387 

Spore-plants, interrelationships of, ^p4S ; 

survey of, 542 
Spores, 186 ' 

^poTodinia^ *488, 440 
Spring- wood, l45 
Spruce, Picca 
Spurge, EuphotHa 
Spurious ftult, 596, *697 
Stachys^ 705 
Stamens, 548, 554 
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StamlnodeS) 554 

Bang&tia, 602 ; fertilisation, 579 
Stanhopea^ 759 

StapelicLi 701 ; succulent stem, *166 
Starch, 30, 252 ; assimilation, 246 ; 
statolith) 848 

Starch-grains, 30, *31 ; moveable, 126 

Starch sheath, 90, 100 

Statoliths, 348 

Stelar theory, 102 

Stele, 102 

Stellaria, 627 

Stem, 80 ; internal structure of, 88 

Stem-succulents, 164 

Stem -tubers, 168 

Ste/nonitis, *429, 431 

Stercultaceae, 681 

Stereome, 57 

Stereum^ 459 

Stigma, 556 

Stigmatomyces^ *454 

Stimulus, 207 ; conduction of, 349 ; re- 
action to, 349 ; reception of, 349 
Stimulus movements, 340 
Stinging hairs, 52 
Stink-horn, Ithyphallu& 

Slipa^ leaf of, *163 
Stipules, *112 
Stock, Matthiola 

Stomata, *49, 228 ; types o(, 50, *51 
Stomatal apparatus, 48 
Stoneworts, Characeae 
Strand-plants, 628 
Stratification, 39 
StnUioteSy 730 
Strawberry, Fragraria 
Streliizictt 753 ; ornithophilous flower of, 
*569 

Streptochaeta, 749 
SireptoeoccvSf *d75t 378 
Striatioi), 35 
Stroma, 448 

Strophanthust 700, *703 

Struggle for existence, 198 

StriUkupteriSf 626 ; spermatozoid of, *530 

Strycknosy 699, *700 

Style, 556 

Suberin, 37 

Suberisation, 37 

Subsidiary cells, 60 

Biicdm, 716, *718 
Suction force, 216 

Sugar Beet, Beta wlgarU^ var. raim 
Sugar-cane, Sacchcemm 
Sugars, 26 

Sulphur bacteria, 270 
** Sulphur showers,** 563 
Sulphuric add, assimilation of, 250 
Sundew, J)ro$era 
Sunflower, ffdiantkm 
Sun-leaves, 107 


Surirella, 392, *394 
Snspensor, 576, 588 
Swarm-spores, 186 
Sivertia, 699 

Symmetry, relations of, 68 ; planes of 
69 

Sympetalae, 695 
iiymphytumf 704 
Sympodiuni, *116 
Synaudrae, 717 
Syncarpoiis gynaeceum, 535 
Syiu'hytrimn , 433 
Synergidae, 585 
Syrhiga, *699 

l'a}tern(icmontaaay 700 
Tactic movements, 330 
Tactile pajiillae, 63 
Tactile pits, *357 

TaeniophyUim^ flattened loots, *165 

Tamarindus, *665, *666, *667, 668 

Tanacetumy 727 

Tannin, 27 

Tap-root, 132 

Tapetum, 649 

Taphrina^ 453 

Taraxacum, 722, *723, *724 
Taxacme, 606 
Taxndium, *609 

Taxus, *605, 606, *607, 614 ; comae of 
vascular bundles, *92 : tetrad division, 
*679 

Teak, Tecfo^M 
Teazel, Dipsacns 
Tectona, 705 

Teleutospores, 468, *469 
Temperatiiie, effect on growth, *284 
Tendril climbers, 172 
Tendrils, *172, 856, *368 
Temstroemiaceae, 656 
Terreya, fertilisation, 581 
Tetracyclicae, 697 
Tetrad-f orm ation, 190 
7'eucrium, 705 
'ITiallophyta, 373 

Thallus, 70 ; internal structure of, 75 
Thaninidiam, 440 
Thea, *657 
Theca, 504 

TJieobroma, *681, *682 
Thermonasty, 360 
Thermotaxis, 338 
Thermotropism, 869 
Thedum, 632 
Thigmotropism, 366 
Thorn Apple, Datura 
Thoms, 162 

Thuja, 607 ; germination, *600 
Thylosea, 160 
Tbymelaeaoeae, 671" 

Thymm, 706 
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THiOy *680, "'681 ; bast of, "'151 ; stem 
of, "'147 ; wood of, "*149, •ISO 
Tiliaceae, 680 
Tiifaftdsm, 175, 745 
Tilletia^ *472 
Tilletiaceae, 472 

Tissue systems, morphological, 43 ; physio- 
logical, 43 

Tissue tensions, 277, *278 
Tissues, formation of, 38 ; kinds of, 43 ; 
origin of, 39 ; permanent, 45 ; veiiti’a- 
tion of, 42 
TmeMpteris, 515 
Tobacco, Nicotuina 
Tof i/pell opsis, 412 
Tomato, Snlmiuw Lycopersicum 
'lone, alteration of, 353 
Tooth wort, Lathraea 
Topic reactions, 330 
Torenui^ 709 

Torreya^ 606 ; fertilisation of, *578, 579 
Torus, 63 
Tozziti, 710 

Tracheae, 61, 62, "“OS, 98, 141, *142 
Tracheides, 61, 62, *63. *61, 98, 141, 
*142 

Tm(kscantia, 745 ; stamiiial hair, *13 
Tragopogon, 725 
Transfusion cells, 129 
Translocation, 251 

Transpiration, 226 ; ciiticulai, 228 ; 

regulation of, 228 ; stomutal, 228 
Transpiration stream, 234 
Trapa^ 67 1 
Trauinatonasty, 363 
Traumatropisin, 355 
Tree-ferns, 625 
Trees, 134 ; longevity of, 308 
Tremeifu, basidiuni oty *465 
Tremellalcs, 464 
TrenfepoklM, 399 
Tribomauit 888, *389 
Trichia, *430 
'rrichobacteria, 379 
Trichocaidotif 701 
Trichofnanes^ prothallus, *680 
Tricoccae, 674 
Trifdmra, 670 
TrigoTMXUy 670 
TnUcuni, 749, 760, *751 
Tropisms, 840 
IVopophytes, 166 
Truffles, Tuberales 
Trypamamat 886, *387 
Trypsin, 253 
Twfter, *452, 468 
Tuberales, 458 
Tubers, 169, 185 
Tttbfflorue, 702 
TttUp Tree, lAriodmdrm 
TuUpa, 788 ; bulb, *169 


Turgor, 219 
Turnip, Braaaica napus 
TussilagOf *726, 728 

Twining plants, 172, *346 ; movement of, 
345 

Typhaceae, 731 

(/kx, 670 
Ulniaceae, 634 
(Jlmua^ *634 

Ulothrix, *186, 399, *400 
Ulotrichales, 399 
Ulva, *72, 899 
Umbel, 561, *662, *564 
Umbelliferae, 691 
Umbelliflorae, 689 
UncimUdt 447, *448 
Uragoga, 716 
Uredinales 465 

Uredineae, alternation of generations, 470 

Uredospores, 468 

rrgifiedj 738, *740 

Urocyaiis^ 472 

UrotnyceSf 469 

Uriica, 638 ; hybrid, *318 ; stinging hairs 
of, r)'2 

Urticaceae, 637 
Urticales, 684 
UaneUf 475, *477 
Ustilaginaceae, 471 
Ustilagiuales, 470 

VatihigVf *471 ; brand-spores, *471 
Vtricularia^ *176, 710 ; bladders, *177 

Vaccinium^ *697 
Vacuoles, 11, *12 
Valerkmay 716, *718 
Valerianaceae, 716 
Vallianariay 730 ; pollination, 564 
VandOy 759 
Vanillay *768, 759 
Variability, 323 
Variation curves, 324, *326 
Variation movements, 338 
Vascular bundles, 64, 90; caul me, 91; 
closed, 97, *98 ; collateral, 96, 96, 
*97 ; common, 91 ; complete, 64; 
oonoentric, *95, *96 ; coarse of, 91, 
"‘92 ; foliar, 91 ; incomplete, 64 ; open, 
97, *99 ; phylogeny of, 100 ; radial, 
*96 ; structure of, 94 ; types of, *101 
Vascular cryptogams, PterUlophyta 
Vauch^ 402, 40^ *406, *406 
Vegetable ivory, 738 
Vegetative organs, 79 
Vegetative reproduction, 188 
Veins, 108 
Velamen, 174 
Venation, 106 
Ventral suture, 656 
Venus's Fly-trap, Diontua 
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VtfroArwm^ 788, 742 
Vtrhasmm^ 708, *712 
Vtrhefm^ *705 
Verbenaceae, 705 
Vernation, 88 
Veronica^ 709 
Vesicaria^ 655 
Vessels, 61, 62 
Vibnoy 374, *375, 878 
Vibumum>y 715 
Ftcia, *667, 670, 671 
Victoria^ 646 
Vincay 700, *701 
Vineetoxiciimy 701, *704 
Vine, Vitis 
Violay *657 
Violsceae, 656 
Viscariay *629 
ViacuWy 638 
Vitaceae, 688 
Vital force, 206 
Vitalism, 206 
Vitisy 688, 690* 

Viviparous plants, 601 
Volvocales, 395 
Volvocaceae, 396 
Volvoxy 396, *397 

Wallflower, Cheiranthus 
Wall-pressure, 216 
Walnut, /uglans regia 
Wart disease, 433 

Water, absorption of, 215, 222 ; conduc- 
tion of, 234, *235 
** Water bloom,” 382 
Water culture, 210, *211 
Water- Ferns, Hydropterideae 
Water-Hemlock, dcuta 
Water Lily, Nymphaea 
Water-net, Hydrodictym 
Water-Nut, Trapa 
Water-Parsnip, Sium 
Water plants, 156, 224 ; assimilation in, 245 
Water-stomata, 109, *110, 232 
Water-storage paretichyraa, 46 
Water-storage tissue, 108 
Wax, *48 

Welwitachiay *614 ; foliage leaves, 103 ; 
macrosporevs, 581 


Wheat, Tritimm 
WiUoughheiay 700 
Willow, 

Willow-herb, EpUdHwti 
Wilting, coefficient of, 228 
Wind-ilispersal of seeds, 697 
Winter-buds, *167 
Wistaria^ 670 
Woad, Isatia 

Wood, 140; grain of, 148; subsequent' 
alterations of, 148 
Wood-fibres, 141, *142 
Wood parenchyma, 141, *142, 146 
Woodruff, Aspenda 
Wondsiay antheridiiim, *530 
Wounds, healing of, 156 

Xanthophyll, 17 
Xerochasy, 336 
Xeromorphy, 159 
Xerophytes, 159 
XylarUty 448 
Xylem, 98 

Xylem-paren(‘hyma, 98 

Yeast Fungus, Saccharomyces 
Yew, Tams 

VnccOy 741 ; panicle of, *564 ; pollination, 
568 

602 ; fertilisation, *576; sperma- 
tozoids, *573, *674 
Zanardiniay 414 
Zanichefliay 730 
Zeuy 749 

Zingibevy 754, 755, *756 
Zingiberaceae, 763 
Zoospores, 186 

ZosterUy 730 : pollination, 564 
Zygnenuiy 409 
Zygiiemaceae, 409 
Zygogynumy 624 
Zygomorpbic, 69 
Zygomorphic flowers, 559, *561 
Zygomycetes, 439 
Zygophyllaceae, 683 
Zygospore, 186 
Zygote, 186 
Zymase, 271 


THE END 
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